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Containing an 1 of che Propreſk of Man THEMA rie Ks. n 


the Origin of that Scienee to the preſent Time; wherein are ex- 
hibited the principal mathematical Diſcoveries, the Diſputes 
they have kee Riſe to, with an intereſting Detail of the Lives 


of the moſt eminent MATHEM ATICIANS: 
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185 does 0 0 U e to this 802 8 that we. could 
with þ to 1 hes A go, ſolid 1 5 A oF be confelled that 
it is not ſupporte e Teſtimony of any Author of Antiquity (@),. a 

without Doubt? is 1455 ConjeQure 1 ſome modern Panegyriſt. e pod 
gives ſuch great Encomiuims to Mathematicks (50, and who Telates with 


tuch Care the Sentiments of his ee congerning their Nature, Di- 


viſions, Ar. ſays nothing of this Etymoligy, but giy 9 meta Ca 
| rivation of it, 505 fubrle: than ſolid ( ), W ich 6e e He 


„ have given 
thematicks - 


K a) 'Scupuls in bie Greek Blais, at his 27557 but no ſack thing i is Foundthere, 5 
word gaylave, cites Philon, or the author of ) Gor. in 1 Euc. I. v. 


Some i Moderns, not ſatisfied with thig Etymol 
they thus account for: That at the Time 
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took-its Riſe, and for ſome Ages after, they were the only Sciences. taught 

in the Schools of Philoſophers. Rhetorick, Dialectick, Grammar, Mora- 

lity, which in ſubſequent Ages had ſo great a Share in the Improvement of 

the Mind, being then unknown; Mathematicks and Natural Philoſophy 
alone occupied the human Underſtanding ; the latter being always preceded 

by the Study of the former, as being the Avenue and Introduction to it. 

it is well known that in the School of Pythagoras, the Claſs of Mathe- 

maticians preceded that of Natural Philoſophers, that Plato, in Times much 

| Poſterior, excluded from his Phyſicahand Metaphyſical Lectures, thoſe who 
were not initiated in Geometry: it was, in fine, what gave Occaſion to 
the Speech of Xenocrates to one, who, ignorant of Geometry and Arithme- 

tick, attended his Lectures, withdraw, ſaid the Philoſopher to him harſhly 
Anſas Philoſophie nom habes (d). + 70 MWD 0G. ane 
Hence it appears that the Study of Mathematicks was the firſt purſued 


— 


— 


F — — 
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— 


- _ 


in the Schools of Philoſophers; and from this Priority of Time, not from 
its ſuperior Perfection, ſay the Authors we mentioned (e), has this Branch 

of Knowledge been called Matheſis, that is, Science, or rather Inſtruction. 

- II. | 

As to the Nature of Mathematicks, they may be defined, the Science of 
the Relations of Magnitude and Number, that all Things ſuſceptible of Aug- 
mentation or Diminution can have to each other. 5 
Thus Geometry, for Example, conſiders the Relations of the differen 
Parts of Extenſion; ſince to meaſure, which is the principal Object of Geo- 
metry, is nothing more than to determine the Ratio of a certain Portion of 
Extenſion to another taken as a fixed Meaſure. Aſtronomy is wholly employ- 
ed in diſcovering. the Order and Poſition of the Stars, that is, their Diſ- 
tances from each other, in computing the Times in which they peform their 
Revolutions, in foretelling their Conjunctions, Oppoſitions, Fc. Me- 
chanicks, in compairing the Weights and Motions of Bodies with one ano- 
ther, in calculating the Powers acting in oppoſite Directions, Ec, In all 
thoſe Conſiderations, there are Relations of Magnitude, and to thoſe alone 
Mathematicks are confined, If the Mind attempts to reaſon on the Nature 
of the Stars, of Extenſion, of Motion, or on the Cauſe of Gravity, &c, it 
refers thoſe Reſearches to Phyſicks, s. 
" Mathematicks are naturally divided into two Claſſes; one comprehending 
pure or abſtract, the other, mixed Mathematicks. The firſt conſiders the 
Properties of Quantities after an abſtract Manner, preciſely as it is ſuſcep- 

 kible of Augmentation or Diminution; and as the Mind diſtinguiſhes two 
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(d ). Diog. Laert, in Xenocret. 5 e) Ramus Proem in math. Barrow lect. 
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former; Extenſion, its Relations, its 


take Place in the preſent Order of the Univerſe. The Mathem 
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agnitude, one conſiſting in Number or Multitude,. the other in 


Space or Extenſiong thence ariſe the two principal Branches of the: fiſt Di- 
viſion, VIZ. Annick and. eee, Numbers are the Object of the 


Jeaſure, that of the latter. 


: = 4 90 : : 
Mixed Mathematicks confiſt of certain Parts, of Phyſicks, to; which ab- 


5 


perties of Light are inveſtigated by Means of certain Principles, Which re- 
duce their Confjderation to pure Geometry. It is firſt aſſumed as a Prin- 


ciple, that the Rays of Light are propagated in ſtraight Lines, if no Ob- 


ſtacle is oppoſed to their Paſſage; that they are reflected making the Angles 


of Reflection equal to thoſe of Incidence ;' that paſſing thro“ one Medium 


into another of different Denſity, they are deflected from their. firſt Di- 
rection, obſerying however in their Deflections a certain geometrical Law, 


_ Theſe Pringiples once eſtabliſhed, the Mathematician examines no further 


the Nature of Light, or of the Mediums it paſſes through, or that reflect 


it. He conſiders the Rays of Light as ſtraight Lines, the reflecting or re- 


fracting Mediums as purely Mathematical Surfaces, the Form of which. is 


alone attended to. Thus he determines' the Path of the Rays af Light on 
Mirrors, through Optical Glaſſes, their Effects on the Sight, Ce. It gan: 


not be denied, but that thoſe, Reſearches are, properly ſpeaking, Phyſical ; 
but as they are intimately connected with and dependant upon abſtract Ma- 


thematicks, from which they derive their Certainty, they are in ſome Senſe 
raiſed thereby to the Rank of Mathematicks, of which they form the ſe- 
cond Diviſion. In this Reſpect, they hold a middle Place between Enx 
_ . quiries purely Phyſical, which are commonly involved in Ohſęurity, and 


.- - 


pure Mathematicks, which ſhine with unclouded Perſpicuity. They can- 


not have a greater Degree of abſolute Certainty, than the Principle, upon 


t 


which they are founded, and in this View they, are 1 on the other 


Hand, they have an hypothetical Evidence equal; to that of abſtract Mar 


thematicks, that is, their Principle being ſuppoſed: true, they are not leſs 


certain than this latter. 'They-have even the Advantage of having a Kind 
of metaphyſical Certaipty, tho". their Principle is not exiſtent in Nature, 


provided that Frineiple is not repugnant; to Reafon.,,.. What Arrhimeger,hay 


emonſtrated concerning the Ratio of Weights that are quiero nt the 
Extremity of a Balance, is equally true whether the Directions of 
Bodies are parallel or converge .to,.a Point; in the latter Caſe. only, 
Theory of . Archimedes can be applied to Weightz that gravitate on the Sur- 
face bes the Earth, but it is W to aſh which inte; 1 are con- 
eived to gravitate, in parallel Lines, which is not metaphyſically impoſ- 
ble, and by Means of this Principe purclybypotbetcal, and that does no 
atician o 


Syracifa, ſquared the Parabola. The Phyſioo-mathematièal Diſeoveries of 


It 


ſtract Mathematicks may be applied: thus in Opticks, the Effects and Pre - 


the 


Newtin, on che Form of me Orbits, that the Planets ſhould deſeribe, ae- 
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erat to the Lifeient Laws of AttraQion,' weuld n 0 be leſs true, tho? i 

had been demonſtrated that this Attraction did not ex iſt, they would then 

ſtand in the ſame Rank with the: Properties of a "FERRITE or. emen * none 

fuch really exiſted in Nature. q 
Frem what has been faid ooticerning tied Nlatbemstieks; „it follows 


their different Branches cannot'be fixed and determined, as thoſe of ae | 


Mathematicks. In Proportion as experimental Philoſophy acquiring 
Riches; has aſcertained certain Facts that may ſerve as firſt be mg tk 
ed Mathematicks have been extended. This the illuſtrious Chancellor 


Bacen obſerved, with that Sagacity wherewith he forefaw the future Im- 


provement of Natural Knowledge: Prout Phyfec a, ſays he i: „ majora in 
ares Incremtnta capiet, et nova Axiomata educet, eo mat hemati 57 "Os. in 
mules TIntligebit, et lures demun#fient Mathematice mixte. © 
It is therefore no way ſurprifing, that mixed Mathematicks winde fo flow 
a Progreſs among the neients, whilſt abſtract Mathematicks advanced ſo 
rapidly by a Variety of important Difcoveries. The human Mind need 
only deſcend into itſelf to improve in pure Mathematicks, but to advance in 
the other, a quite contrary Method is'to be purſued; it requires a Series of 
Experiments and Obſervations : in this the ancient Philoſophers vere de- 
ficient; in general they neglected Obſervation too much, they taid too 
a Streſs os Beaſwhits. and e Hleited by an impatient, and, 
after all, a very excufable Curiefit ty, they wanted to explain! ature before 
they wars acquainted With her firſt Operations : : thus the Structure they had 
ys ited, like that elected 'by ignorant - on a weak Foundation, focn | 
to the Groufid. 


2 5 e Riſe of ce different Branches of Mathertatiols,” Unite 


F Neth ark: The Pyt hagoreant « vided this Seience into four Parts 
ly; abſtraQ and two of the mixed Mathiematieks; the two 
bd iy Aiabck 20 Aftrönomy. Already the Obſervations of Pyt hagoras 
upon Sound, witk thoſe made from Time to Time on the celeſtial Pheno= 
mens, joined to ſome” Hypotheſes (contrived to explain and caleulate the 


| es of the Stars, afforded an O pportunity of employing pure Mathe- 


ticks in Phyſical Enqairies. The Extent of 'thoſe Seiences was not muck 
raster in the False k Shook; "their Diviſion into Geometry, Stereotiittry, 

9 te. | " Muſick! and 85 7 8), was ihjudicions,” and ie e | 

d more than that of che brech Sehdelz -in Effet; the two firſt 

Divifions are only a It, of Geometry.” However, phre Mathema- 
ticks were pi el improved by the Platenscks ; ; but as thoſe Philofo— 
phers were too much zac eg to e rnd they were Tels ſucceſtful 
n phy K dess not Re” ithat't they & 'effabliſhed one Fact hat 
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could ſerve as a leading Principle to a new Science „if we except perhaps the 


rectilinear Propagation of Light, and the Equalicy, of the Angles, of Inci- 
| ge ce and RefleQtion.. ,, 1/1, Y 5 


Jowever that a . ſeems Opticks and. Mechnnighs wore” not ranked | 


among the mathematical Sciences, /ull) a long 'Fne after; ang that about 
the Time of Ari ſtalle, Pan: 775 bag arlength traced: out ſors of the Laws 
the Propagation; of Light, Pf Win 99g ab, Equilibe ibrium of. Bodies, 
he Queſtions of this Philoſo Fe concerning Mechanicks, ſome. of his Pro- 
5 the Treatiſe of Optic s attribnted to Euclid, ſeem to have been the 
rſt e Leg of theſe Sciences. The general Syſtem of Mathen 
then compoſed of fix Parts, Geometry and Arithmetick, Nick 
Nlronoms, Opticks. and Mechandehdy 0 dine Beans TO: Kno; 
cients. 841. va! 4. 17 
77 * E Moderns, by cultivating patural Philoſiphy. with. s w_ are. 
| Wen a great Number of other Subjects to Geometry, ſcarc FO? 
the Ancients :; Opticks, among them, conſiſted only of a very ſim 
of, 00 Mumination, of Bodies; 3 Catopricks, or the Science £ 
| ight;, and a, few Principles of Perſpective. The Science 8 Vi ſion or 
Ez Opticks, they were ignoraut of; Pace e 23 yet, were unr 
En Saen. It is not much above a Century a. half. 480 ſince t 7 


E 


Sie ich they. Are. entirely eſtabliſh 15 Fo Hoo boon ilewers d, as alſo that 1 


ich ſerves as a Foundation to dire& Opticks; thoſe two | ranches , 


4 

io: ſo far extended at prsſent, 92 en Pa Ort; 2 2 to rern 
Diſcoveries, | 11 

ha is alſo but lately ſince Mechagicks emerged fro mfhat feeble Ste ja, which 

bee e tranſmitted to us by the Ancients. , Qonfined then to, the Science 

e rium, 1 7 only included what, we n call Staticks and Hydror 

C „in 247 75 the Equilibrium af - odies: 18. only con 10e. 

| hani are the Science Motien; in gener alz 


424 
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| 4s 2h and. 7 995 
Saler, in former Ages totally conſiſ in, is dow only a ſmall Part of it. 
Is Motion Fe by a contrary: Reſiſtance, which, without deſtroy! Ving the 


Effet ang produces gn Equilibrium? This is the 


0 the act 
ae dam, the; Concurſe 
/gloci ies with which-they. mov. 1 
e a Calis different Powers, the Reſiſtanoe of E Bo 
that move in them, & c. theſe are the Subjectof Dynamicks. Thus: iche arts 


jects more vaſt antenne and each of them have ſent forth 4. 
er of, Scions, Which cultiyated with Care pyfthe Moderns, ſoon ur le 
e Stock trom whence an took their cit 8977; ING 500 6 01 B fer 
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of Mathematicks, without changing their: Names, compriz e, at this aye | 


* 


2 1 Wall 8 "TH 0 0 * 

N ? W621 wad 1. 7 31 
51 beben Park! of our plan bang to unſold he hole e of Ma- 
| thematicks, and to give a clear Idea of its different Branches, in order to 
exhibit the Progreſs 'of the human Mind in'this conſiderable Part of natural 
Knowle gez it will not appear unneceſfary to trace ĩts metaphyſical Generation. 

Bodies are endued with ſeveral Properties, as Extenſion, AY? 
Ge. but off all theſe Properties, that Which ſeems to hold the firſt Rank 
and that without which the others could not exiſt, and which is equally 
obſerved by thoſe the leaſt accuſtomed to reflect as by the moſt ſagacious, is 


} ; 


Extenſion: it does not require much Skill in Metaphyſicks to form this Idea, 


to diſtinguiſh its different Species; tho' phyſically inſeparable. The leaſt in- 


formed know well how to'-diſtinguifh in a Globe of any Size, Matter or 


Colour, what conſtitutes it a Globe, and not a Cube, or a Pyramid. 


Should you ſpeak of the Extent of a Plane, the Mind naturally lays aſide the 


Idea of Depth, and only anne xes to it the Idea of Length and Breadth. 
Is the Diſtance of two Objects conſidered, the Mind attends only 


200 the Length; it even goes further, and excludes every Idea of cen 
Drigin of mathema- 


wtical- Points, Lines; and Sur faces, the Subject of ſo many groundleſs Ob- 


from the two Terms of this Diſtance. Such is the 


ſections made by Perſolls, who, ignorant of Metaphyſicks' or Partifans of 
Seepticiſm, haveRrove'ts' raiſe | bts! concerning the Solidity of. Mathe- 


mti. * N AB I % Boub o goil 


Bodies herefor@ conſidered 6aly with Relation to W Extenſion, vill be 
the Limit to, which the Mind can arrive, when by a natural Impulſe it 
analyſes the Dee of its Refearch! Thus, Extenſion and the Figure that 


oy 1 0 it, vn Fbelneceſfariſy the firſt Cönſiderations that Men will attend to, 


When chey/exartine the Nature of Bödles that! ſurround them. They will 


e comparifig rem under thoſe; ts Points of View, which alone can 
the ea of Conſideration,” in conſequence of the Abſtraction that 
ays' afide* 2 [ the other zalities that may ſer ve as a Foundation to any Com- 

prin ach is 2 me aphyſical — wably, wh of Geometry. 

The Idea ef 1 6 N Numbe G0 leſs natural to Man than that 
„Feen Siitrounded' by” diſtinEt Objects more or leſs Numerous, 
ies ie Code) Instant ſuggeſted to us by od Senſes; beſides, at the fam 
[ that'the” Mind ets it Idea f ace; conceives it divided into Por- 

. daß e 1 hd compares them with one another, it acquires 
the Idea bf Number; hetice ariſes Falle Diviſion of Quantity into diſcrete 

ML ee L Quantity 'eonſtdered às divided into Parts, more or leſs i 


Nüntber, is ne we; of” RARER conſidered as extended and 1 0 


Böufdärtes, is thel Oje ct bf fone” Diviſiqn is of whi 
5 proceed to point out. f 5 721 f ind! Som: 
Among the different Dimenſions of Bodies, therk are ſome more Sh 


the * of Curves, 


r 


. 
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than others: ſtraight Lines are more ſimple than Curves, and of thoſe the 


by ſtraight of circular Lines, Solids bounded by thoſe Surfaces, are the moſt 


fimple of their Kind, Theſe Subjects, therefore, of Conſideration, ſhould 
have paved the Way to more difficult Reſearches ; they. are the Object o 


Circle is the leaſt complex. In like manner, plain Surfaces, bounded 


by 


elementary Geometry. Tranſcendental Geometry is the Part of this Sci- 


F ence by far the moſt extenſive, which treats of curvilinear Figures of a 
more Elevated and abſtruſe Nature, ſuch as the Conic Sections, and an in- 
finite Number of others, to the Theory of. which the former ſerves as an 


Introduction. Figures may be conſidered as Spaces endued with certain 
Properties; or the Spaces may be analyzed and reſolved, if we may ſo ex- 
preſs ourſelves, into the infinitely ſmall Elements of which they are com- 
poſed ; whence ariſes the Diviſion of tranſcendental Geometry into Finite 
and "Tnfimiteſtmal. The Speculations of the Aucients and Moderns on 

| | » furniſh an Example of the former; their Re- 
pecting the Meaſure of Curves, Reſearches which commonly 


t 


ſearches r 


proceed only by conſidering the Law according to which their Elements in- ; 


creaſe or decreaſe, form the latter 34% OE, 
The Mind, after being ſome Time occupied in Reſearches purely geo- 


metrical, Reſearches ſo much the more pleaſing, becauſe always accom- 
panied oy a pure and luminous Evidence, is ſoon forced, either by Neceſ- 
ſity or Curioſity, to return to the natural World. The Motions of Bodies, 


and their mutual Efforts, occaſioned by their impenetrability, are the firſt 


# 


and uſeful Branch of mixed Mathematicks, to wit, Mechameks. = 
 Weconceive in Bodies conſidered as moveable, either a ſimple Lendency 


to Motion, a Tendency counteracted by contrary Efforts, or the Motion it- 
ſelf. From the firſt Conſideration ariſes. Staticks, which is divided into 
Staticks, properly ſo called, when it relates to Solids, and Hydroflaticks 
when it relates to Fluids. If Bodies are conſidered in Motion, that Science 


is called Dynamicks, which is divided in the ſame Manner as the former, 
into Dynamicks and Hydrodynamicks. From Dynamicks a Variety of Theo- 
ries ariſe, as the Laws of the Motion and Colliſion of Bodies, the Theory 
of central Forces, Baliſtic, Theory of Oſcillations, c. Many Sciences 
are only a particular Application of Dynamicks, ſuch as the Theory of the 
Direction and Motion of Water, Navigation, or the naval Science, in as 
much as it is the Art of conducting a Ship by the Aid of mechanick Powers 
which put it in Motion, as the Oars, the Sails impelled by the Wind, the 
Rudder, Ce. | EE, „ | 2 
Next to the Knowledge of theſe Sciences requiſite to ſupply our Wants, 
Aſtronomy is the moſt pleaſing. The Motions of the heavenly Bodies are 
ſo regular, that they muſt have ever drawn the Attention of Men capable 
of Reflection. The human Mind ou ſoon prompted to inveſtigate the 


CY 


Obje&s that claim his Attention, and thus give Riſe to the moſt important 


vi 


is 
* 


| Cauſe and the different Relations of the heavenly Motions. I call, with 
Kepler (h), Spherical Aftronomy, that whoſe Object is the Phenomena ariſing 
from that ſeeming true Suppoſition, that the Earth is in the Centre of a 
Sphere, in whoſe Surface the Stars are placed; this is the firſt Branch of 
Aſtronomy: the ſecond is Theoretical Aftranomy, wherein it is propoſed 
to trace the different Relations of Poſition, Diſtance, and Velocity, of the 
heavenly Bodies, that is to ſay, to diſcover the real Form of the Univerſe. 
From Aſtronomy ariſe ſome ſubordinate Sciences, ſuch as mathematical 
_ Geography, wherein is determined the Figure of the Earth, and the Poſition 
of the principal Places by Obſervation. Navigation, or the Art of con- 
ducting a Ship acroſs the Seas by the Obſervation of the Stars alone. 
Gnomonicks, or the Art of dividing Time, and marking its Diviſions by 
Help of the heavenly Bodies, but particularly by the Shadow. projected by 
Bodies expoſed to the Sun. Chronlogy, or that Bart of the Science con- 
cerning Time, which conſiſts in regulating the Method of counting it, by 
making the civil Period coincide as near as poſſible with thoſe of the Sun and 
The Phenomena of the propagation of Light, that is to ſay, of the Mo- 
tion whereby it is tranſmitted from the luminous to illuminated Bodies, or 
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from thoſe to our Eyes, have given Riſe to Opticks. The firſt Qbſerva- 


tion upon the Rays of Light, is, that they are propagated in ſtraight Lines 
as long as they remain in the ſame Medium.” After this Manner we gene- 
rally perceive Objeas, and the Senſation we thence. receive is variouſly 
— according to the Circumſtances of their Diſtances, their Poſi- 
tions, c. | thoſe Conſiderations form what we call direct Opticks. It 
would be natural to rank under this Head, Perſpeclive, which is no more 
than the Art of, repreſenting on a Surface thoſe Degradations of Form and 
Magnitude obſerved in Objects that furround us, and all its Rules are ſolely - 
founded on the Principle of the reQilinear propagation of Eight, CS 
But Light is only propagated in ſtraight Lines, when its Motion is not 
impeded by any Obſtacle; if it meets an. opake Body in its Paſſage, it is 
reflected, and if the Surface of the Body be ſmooth, the Rays of Light 
move on, making the Angle of Reflection, equal to that of Incidence; if 
the Body it meets is tranſparent, and more or leſs denſe than the firſt Me- 
dium, paſſing into this Body, it moves in a Direction more or leſs O- 
blique than before, which is called Refraction. From the former Obſer- 
vation, the various phenomena of Mirrors are deduced, from the latter, thoſe 
of Glaſſes and Inſtruments for remedying the Defects of Sight. The two 
Sciences that are taken up with theſe Objedts are called Catoptricks and 
__ FF _T,O ...d. 
Acauſtiets are nearly with regard to Sound, what Opticks are with re- 
gard to Light, but is not near ſo rich as the former in certain and incon- 


(hb) Fpiteme Aftron, Copern, p. 14. 


N teſtable Diſcoyeries, the Reaſon of which appears from the Difficulty of 
with reducing its Principle to the Simplicity of a Suppoſition purely mathema- 
ſing yea: This e e e xe Vibeations pf the elaſtic Particlesof the 
of a Air, which, it is obvious, is complicated with ſeveral phyſical Difficulties. 
ch of 4 We may refer to this general Diviſion,” Muſick, that enchanting Art of 
poſed raviſhing the Ear by the Harmony and Succeſſion of Sounds; it is founded on 
* the a Principle partly diſcovered formerly by Pythugorar, partly in our Days by 
verſe . Rumeau. Not that we pretend, that by the Aid of mathematical Rules alone 
tical agreeable Muſick may be compoſed. No without Doubt, Harmony mathe- 
fition matically exact, may not be very pleaſing: To Genius, to Taſte, it be- 
con- longs to ſelect the yarious Tones beſt ſuited to the Subject propoſed; 
alone. and the Muſicians who have treated this Art mathematically, have'pretend- 
ns by ed no more, than to aſſign the Reaſons of certain Phenomena obſerved 
ted by eith in-Melody or Harman... OT, 
e con- Io avoid Prolixity, we ſhall only point out the other Parts of Mathe- 
it, by maticks, the Conſideration of the Relations of the Gravity, Elaſticity, 
zun and Denſity of the Air, and other Fluids endued with theſe Propertiés, 
9 has been called by ſome Moderns, Pneumaticks. Calculation applied 
he Mo- for determining the Probability of Events, has produced the Art 'of 


dies, or Cenjefuring, of which ihe Dofrine of Chances is one of the principal 


ferva- 
t Lines 


Form, as from their Union certain Works of Architecture may reſult, 


e gene compoſe what is called Stone - cutting; in general, the Symmetry neceſſary 
ariouſly to be obſerved, whether in rearing Edifices for Defence as well as Orna- 
cir Poli ment, is altogether owing to the mathematical Science. 
no more. We have already obſerved more than once, that all the Parts gf mixed 
Form and Mathematicks are intimately connected with abſtract Mathematicks, of 
are ſolely which they are only e Applications. This is an Obſervation pro- 
ee per to be inſiſted upon, for the Advantage of thoſe who, defirous of ac- 
ion is not quiring a ſolid and extenſive Knowledge of theſe Scienges, might miſtake 
Tage, it is the Road to attain. it, or would be deſirous. to know it: With this View, we 
of Light ſhall endeavour to point out clearly their Connection and mutual Dependance. 
idence; if Every Queſtion in mixed Mathematicks is reducible to a Problem of 


pure Geometry, by ſtripping it of ſome phyſical Circumſtances immaterial 
to its Solution, as will appear by the following Example. In Gnomonicks, 
as it is well known, it is required to find the Poſition of the Shadow pro- 
jected at the different Hours of the Day, by a Style parallel to the Axis of 
the World, on a Surface whoſe Poſition is given. A ſlight Knowledge of the 
Sphere is ſufficient to ſhew, that the Hours are determined by the Poſition 
of the Sun-in the twelve horary Circles that divide his diurnal Revolution 
into 24 equal Parts, ang that theſe Circles interſect each other in the ſame 
Line; it is further obſervable, that the Style fixed in a proper Poſition, that 


firſt Me- 
or leſs O- 
mer Obſer- 
atter . thoſe 
;ptricks and 


re with re- 
and incon- 


Branches. Pure Geometry, applied to the Art of cutting Stones in ſuch a 
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is to ſay, parallel to this Axis, ſenſibly coincides with it, and would fo in 
effect if we were at the Centre of the Earth; and our Diſtance from it, 
when compared with that of the Sun, is ſo inconſiderable, that this Suppo- 
ſition may be allowed. Laftly, it is manifeſt that the Shadow of the ſolid 
Axis fixed in the common Interſection of all the horary Planes, is in the 
ſame Plane with the Sun and this Axis, the Shadow therefore projected by 
this Axis, is only the horary Plane produced;. hence the Problem for deter- 
mining the Poſition of this Shadow, is reduced to the following: A certain 
Number of Planes that cut each other in the ſame Line and in the ſame Angles 
every Way, being given; to find their Interſeftion with a Surface whoſe Form 
and Poſition are alſo given. 5 . 


| Now it is eaſy to perceive, that this is merely a geometrical Problem; and 
whilſt he who is unacquainted with, or indifferently ſkilled in Geometry, 
takes great Pains to learn the practical Rules of Gnomonicks and their Rea- 
ſons, the intelligent Geometrician finds in Himſelf thoſe Reſources; he 
ſolves the Queſtion, and invents and frames practical Methods of Solution. 
The ſame may be ſaid of Perſpective; this Branch of Opticks conſiſts 
in a Problem very eaſy to a Geometrician: it is required to determine on a 
Plane, whoſe Poſition is given, the Interſection of the different Lines con- 
ceived drawn from the Eye to the Outlines of the Figure, which is ſuppoſed 
to be placed behind the Plane. Little ſkill in Geometry ſuſſices to reſolve this 
Problem in its full Extent, whilſt he that has made no Progreſs in it, rs ſtopped 
every Inſtant, meets continually Difficulties which he is unable to ſolve ; 
and we ſhall not heſitate to pronounce, that Geometry is the univerſal Key 
of Mathematicks : He alone can aſpire to penetrate into thoſe Sciences, 
who is Maſter, of the firſt ; any other will ever remain confined in a nar- 
row Sphere, and in a State of Mediocrity.” © — e 
e SE 5 8 

Mathematicks were 4lways held in great Eſteem by the moſt celebrated 
Philoſophers of Antiquity. We find, in Effect, that all thoſe who were 
eminent for their Learning and the Purity of their Morals, cultivated thoſe 
Sciences: I ſay, all thoſe eminent for their Learning and the Purity of their 
Morals, being well aware that a ſophiſt Pratogaras, a voluptuous af 0 
pus, an epicurean Zenon of Sidon, and ſome others of the ſame Stamp, have 
endeavoured to decry them; but the moſt reſpectable Characters have 
rendered them the Juſtice they deſerve, ſuch as T hales, Pythagoras, Demo- 
critus, Anaxagoras, and all the Philoſophers of the Ionian and Ttalitk'Schools; 
in fine, Plato, Xenocrates, Ariſtotle, Ec. It is well known that the former 
were indefatigable in promoting thoſe Sciences in Greece; that Plato was one 
of the moſt eminent Geometricians of his Time, and that his Works are 
full of honourable Teſtimonies in Favour of Mathematicks. X?mocrates, 
one of his Succeſſors, entertained no leſs high an Opinion of them; wit- 
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ſo in ves his Anſwer quoted above (i). The Principle of the Peripatetick Scho! 

om it, in his metaphiſical Works frequently makes uſe of Examples taken from 

uppo- (Geometry; which clearly evince' that he conſidered the geometrical Me- 

e ſolid thod as the fitteſt to be employed in the Inveſtigation of Truth: | beſides, 

in the - ot is well known that he wrote upon ſeveral mathematical Subjects. We | 
ted by find among the Antients only Socrutes, ' whoſe Opinion can with any Shew | 
deter- of Reaſon be oppoſed to this general Suffrage in Favour of Mathematicks. | 
certain This Sage, we muſt own, diſapproved of too great a Curioſity to pene- | 
Angles trate into thoſe Sciences. When we know, ſays he, as much Geometry as | 
Form is neceſſary to meaſure our Land, as much Aſtronomy as is requiſite to f 

+; i point out the Hours and regulate Time, to guide us in our Journies, either | | 

a; and by Sea or Land, we ſhould not affect to know more ((“). — i 
"metry, = Me ſhall make ſome Remarks on thoſe Expreſſions of Socratet, in order 
ir Rea- to obviate the Conſequences that ſome might be apt to draw from them. = 
ces; he PFirſt then, does not this Philoſopher make large Conceſſions, and even 
lution. more than in Appearance he intended, by allowing us to cultivate Mathe- | 
conſiſts maticks as far as the Exigencies of Society may require? If the Circumſtan- 

ne on 2 ces of the Times. in which he liyed, rendered the Uſe of Mathematicks 

Se very confined, it is not ſo now; we no longer navigate thro” a narrow Sea, 
uppoſed as they did at that Time; never more ſecure from the Dangers of Navi- 
olve this gation, than when out of Sight of the Coaſts, we fteer thro? the Ocean, 
\ ſtopped having, during a conſiderable Time, no other Intercourſe but with the 
3 ſolve; Stars: the Knowledge of the poſition of all thoſe celeſtial Bodies is there- 
rſal Key fore neceſ]; ary. It is requiſite that the Geography of our Earth ſhould be 
Sciences, correct; this only can be effected by perfecting and increaſing the aſtrono- 
na nar- mical Methods. If ſuch Pains are now taken to improve the Theory of the 

5 Moon, and ſo great an Apparatus of Obſervations and Calculations em- 

W ployed for this Purpoſe, let it not be thought this is done merely to gratify | 
elebrated Curioſity ; tho” even that might be eaſily juſtified : It is with a View to 
ho were | procure to Navigators a certain and perfect Method of diſcovering, at all | 
ted thoſe Times, the Place of their Stuation. Thus we ſee a profBund Knowledge ; 
y of their in Aſtronomy becomes neceſſary, even according to the Judgment of Socra- L 
18 Kat. ter. We choſe Aſtronomy for an Example, becauſe the Utility of this 4 
mp, have Branch of Mathematicks being leſs generally known, it might perhaps be ' 
ters have conſidered as a vain and uſeleſs Science. What great Advantages do not 1 
as, Demo- accrue to Mankind from cultivating Mechanicks, Opticks, 6. # 
Schools; But we are principally to conſider the Motives that induced Socrates to 1 
to was one entirely to the Study of Morality, was of Opinion (ſo difficult it is to ob: 1 
Works are ſerve a juſt Medium) that the ſole Study of Man ſhould be that which ſerves A 
Xtmocratess to make him better and more virtuous. We grant, it is the firſt and moſt 1 
hem; wil l. | . (+) Diog. in Sserat. Kegoph. b. tx, de dic. - 
| a | & fas. Seer. . 4+ hh | 0 [ 
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ties of the Mind: * Have you not obſervec he (7), that thoſe who 
ce naturally count well, are endued with an Underſtanding capable of making 


the 


and ſome others in 


* 


. 


eſſential study; that, without moral Virtue, the moſt eminent Qualities de- 


* 


ſerve little Regard: yet muſt we not alſo, allow, that it is too rigid to con- 
fine the human Mind to that Study alone. If it be neceſſary to furniſh ſome 
Aliment ta a Curioſity, too natural to, Man, that to gratlfy it, ſhould be look- 
ed upon as criminal, what an ſuit it better than the Study of Mathema- 


82 — 
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ticks. Theſe Sciences, in effect, incapable of miſguiding the Heart, whilſt 
at the ſame Time they enlighten the Underſtanding, apſyer belt this Pur- 
| poſe. Socrates, tho his extreme Severity inſpired him with little Eſteem 


* 


— 


for them, howeyer acknowledged they were highly uſeful in ſome Reſpects. 


If we believe; Plato, he reg; 


, ſajd he ( 1), that thoſe who 


by y 


2 


« a rapid Progreſs in all Arts; and that thoſe who are flow and dull, be. 
& come, after being exerciſed in Arithmetick, more guick and ready of 


« Apprehenſion.“ And elſewhere (m, he ſeems to acknowledge the Uti- 
lity of the Mathematicks in all Arts, w ich greatly ſoftens. his þarſh Judge- 


ment, or, at leaſt,. renders it inconcluſive : For it is inconteſtible, that 


Branches of Knowledge uſeful to Society, mopld he the Occupation. of ſome 


Men endued with. Talents and Genius ſufficient to improve them; and 15 
it were to be wiſhed, that all could contribute by their Labours. In 


ready to conceive, more capable of exerciſing the Faculties of 1 
and Reflection, ought to form a conſiderable Part of the Education of all 


thoſe who are intended for a Way of Life that requires the Exertion of thoſe 
Faculties, The Teſtimony of Ss 
to Mathematicks. _ Ba 


We migh 


> 1 >» 4 


nt * 


to Gele Kiences, than tho\e of the Philoſophers of  Antiquity.,_IF there 
were found even in thoſe Days of Darkneſs that ſo long reigned in 
_ enlightened Age, who ſoared far 


Weſt, ſome worthy of à more 
above their Cotimporaries, we obſerve that they cultivated Mathematicks. 
venerable Beds and Alcyin his Diſciple, Preceptor to Charles the 1 
the eighth Century 7 in the fenth 3 Albertur Magnus, Roger Bacon, 
e others, in the thirteenth Century ,:, Thoſe perſonages Jo much 
the more'to be admired becauſe they were able to make their Way throug 


Such were the 4050 e Caſſiodorus in the ſixth Fan the 
ifth in 


the ignorance and barbariſm of their Age, thoſe perſonages 
Mathematicks in Eſteem, and culitvated them with Ardour, witneſs Roger 


9 


Baca, in whoſe Writings wWe find. the Seeds of ſo many agen el 


"coveries:;.. witneſs. Ferbert, who thirſting after the Knowledge of thoſe 
i > . ” Pris ww ST BRAS. FRO eee PT CERES ge 4 . As 111 — 1 
Sciences, fled from his Convent to ſeek among the Arabians the Aſſiſtance 
: E's FLY & 4 459 7 C1 Dn $4813 TY, PRI LES J.. ot bb 143 29 
which he could not find among Chriſtians. | 


(1) In Phedro & in lib. vii. de Repub. ( In Phil. 


arded them as yery, fit to ſtrengthen the Facul- 


it muſt be allowed, that a Study calculated to render the Underſtanding more 


crater, therefore, is no way unfavourable 


died, in all Ages « Train of Syffrages no leg honourable 


ſay held 


— 
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Let us now paſs to the Moderns ;- we ſhall find that the moſt eminent | 


on- | 
me Philoſophers who have flouriſhed ſince the Revival of Letters cultivated 
ok- the Mathematical Sciences; ſuch was the — Chancellor Bacon, that 
ma- gteat Genius, who at 4 Time that Learning only began to dawn, traced 


| the Road to be purſued for its Improvement. Mathematicks appeared to | 
Pur- him indiſpenſably neceſſary for the Reſtoration and Advancement of Phy- (|. 
eem ſicks, the Study of which he ſo wafmly recommends. Who does not know 3 
that Gallileo, Torrilicelli, Deſcartes, Paſcal, Ac. held the firſt Rank among the - | { 
Mathematicians of their Time, and that they have enriched Phyſicks with f 
ſeveral uſeful Diſcoveries. - Boyle, the principal Reſtorer of experimental | 
Philoſophy, has often regretted-(o) is not having cultivated Mathematicks ; 
however, it cannot be ſaid that he was totally unacquainted with them, 
as ſufficiently appears by his Works. But he was ſenſible that a more 
profound Knowledge of / thoſe Sciences would have been of ſignal Service 
to him, The ſame Genius to whom we are indebted for the nobleſt Im- 
provements in Geometry, the great Newten, is Author of the moſt fublime. 
phyſical Diſcoveries, It was reſerved for the firſt of Mathematicians to 
analyze Light, and to diſcover and irrefragably demonſtrate the Conſti- 
tution of the World, and the Laws: according to which it is maintained 
and preſerved, The moſt illuſtrious” Metaphyſicians have likewife added 
their Suffrages to thoſe we have already collected. Mallebranche thought 
he could not propoſe a better Example of the Manner of proceeding. in 
the Inveſtigation of Truth, than the geometrical | Method (o. I ſhall fi- 
niſh by the Teſtimony of Locke (p), I have mentioned, ſays he, Mathema» 
ticks as a Way to ſettle in the Mind an Habit of reaſoning cloſely and in Train, 
not that I think it neceſſary that all Men ſhauld be deep Mathematicians,' but 
that having got the Way. of Reaſoning, which that Study neceſſarily brings the 
a7 2 they | __ be able to trensfer it to other Paris of Knowledge as they. 
a E VIECA 13 | | 
To avoid Prolixity, 'T omit ſeveral other Paſſages of | Locke favourable to 
this Science. If the Authority of great Men is of any Weight, what 
Names might we oppoſe to the Enemies of Mathematicks, and: to thoſe 
Writers who from Time to Time have attacked them, ſo little yerſed in 
thoſe Sciences, that from their firſl ſetting out th 5 fall into the moſt groſs 
Miſtakes, The famous Bayle (q), who from a Propenſity to Scepticiſm, 
was induced to ſay, that even Mathematicks, had à weak Bide, acknow- 
ledged however, that none but an able Mathematician could oppoſe thoſe - 
Sciences: with Succeſs, but we confidently affirm, that this Attack would 
in go Reſpe@ be diſadvantageous to Mathematicks ; and that nothing would 
0, In Conſid circa utilit. Phil, experim. 1 (+) Of, the Conduct of the Under, $6, 7, 
arent. .,, ii Hier d 0. 2177155 £43 . 
aw Rech. de la Verits, liv. 6. chap. 3. G (8) Critical Dictionary, art. of Zen de 
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Kc. on the contrary, if fome uſeful' Doctrines have met with © 
it aroſe 5 om Perſons unacquainted with mathematical earning. 


- 
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and that nothing would contribute more to make the Enemies of Mathe- 
maticks retract, than a profound Study of the Truths it contains. 


The Annals of Philoſophy and of the human Mind furniſh a Number of 
Traits honorable to Mathematicks. The phyſical Diſcoveries we are now 
in Poſſeſſion of have for the moſt Part been made by . Mathematicians, as 
we have ſhewn by the Examples of Deſcartes, Paſchal, Gallilelis, Newton, 
poſition, 


The mechanical Diſcoveries of Galliles, the Gravity of the Air were op- 


e only by Men who ſhewed they were deſtitute of this ſolid Branch of 


nowledge. Who are thoſe in the preſent 1 who attack the mechanical 


and optical Diſcoveries of Newton but Men for the moſt Part ignorant of 
this Science ? If we now take a View of the literary Societies, where a 
Number of Mathematicians commonly take the Lead, we ſhall find the 


fain Opinions in Phyficks adopted a long Time before they have made their 
Way into the Univerſities, where in general Mathematicks are much ne- 


glected, they do not gain Admittance there 'till very late, and even then 
rather under the Denomination of popular Opinions than after a rational 


Diſcuſon.- The Phyſicks of Deſcartes were diſcuſſed in the Academies 
at the very Beginning of their Inſtitution, whilſt: Arifotle was implicitly 
received for more than forty Years: after in the moſt learned 'Univerſities. 
Theſe illuſtrious Societies rejected the Opinion of the French Philoſopher 
reſpecting the Colliſion of Bodies, the ebbing and flowing of the Sea, 
Colours, c. They rejected his Vortices in Proportien as undoubted Ex- 
periments and new phyfical Phenomena dembnſtratad their inconſiſtency. 
After ſuch reſpectable Teſtimonies, ſo welf Ateſ ed Facts that depoſe in 
Favour: of Mathematicks, it perhaps · would be uſteceſſary to attend to the 
vain Declamations of its Enemies (r) 3 however, as there are ſome ca- 


N 


(+) ln this Note we ſhall take Notice only, 


of ſuch as haye endeavoured to ridicule them, 
or who haye condemned them thro' Motives 


Dial being dhe 


wn to Epicurus, to prove the 
Utility « 


donable'in a Man whoſe Head. was crammed 
rather with 'the'. Titles' of Books, than with 
real Knowledge. | 


Hobbes, tho praiſe-worthy in other Re- 
ſpeRs, when convicted sf the groſs Errors he 


had committed in attempting to ſquare the 
Circle, maintained Mathematicks to be an 
illuſory Science. 


Tranſactions. 


a, 


- Mathematicians, by the Manner they 
Mathematicks, Admirable Iven 
tion, laid he; not to miſs the Hour of dining. 

Ferdier Vauprivas (in his Biblioth.) thinks. - 
Euclid. void of common Senſe: This is par- 


The Particulars of this 
Conteſt may be ſeen in the Philoſophical 


I omit mentioning a Multitude of other Au- 
thors who have declaimed againſt the pretend- 
| ed Vanity and Uncertainty of the 
that do not deferve a ſerious Anſwer. A Sun 


the greater Part excite the Laughter of the 
treat 


5 


Mathematicks; deſerving no other. Anſwer, 
but an Exhortation te make themfelves ac-- 
quainted with oy firſt Principles, before 
they attempt to ſpeak of them. Of this Kind 
are ſeveral Pieces inſerted in the Literary 
Journals. There are others who have regard- 


ed Mathematicks as dangerous: The Under-. 
ſtanding of Picus de la Mirandula appears to 


have been greatly on the Decline, when he 


aſſerted that Mathematicks were incompatible 


with Theology, becauſe. they accuſtom the 


Mind to demonſtrative Reaſoning. Peter 
Poiret, in a Book intitled De Vera falſa et 


Super ficiaria Eruditione 1694 Lei pt. treats it an 


iences, 
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pable of miſleading thoſe who are not thoroughly acquainted with the Nature 
of thoſe Sciences, it will not be improper to diſcuſs them and expoſe their 


| Weakneſs. N 2 1 tt tr tr 1 wt * 


Two Sects among the Antients were the declared Enemies of Mathe- 
maticks, the Pyrrhonics and the Epicureans; We ſhall firſt examine the Mo- 


tives of the Averſion of the former for this Scienke. This Sect, as it is 


well known; only ſtudied to raiſe Doubts againſt all Branches of. human 
Knowledge; it was but reaſonable therefore to expect that their firſt At- 
tacks would be levelled againſt Mathematicks. Sextus Empyricus has tranſ- 


| mitted. to us the Arguments of his. Sect in his famous Book againſt the 


| Mathematicians, under which Denomination are compriſed all thoſe who 
make. Profeſſion. of any Kind of Learning: whatſoever,” whom he attacks, 
one after the other, and the! Mathematiciam ſtrietiy ſo anne in the 

III, IV, v, and vt Books. 

Io anſwer theſe Gbſe ions, it would be amoſſ ſuffeient to eres 
how ridiculous;is>a- Poctrine that pretends, that there is no Demonſtration, 
no Means of attaining the leaſt Certainty, that the Evidence of Reaſon is 
of leſs. Weight: than that of our Senſes fo liable to Deception ; that, in 


fine, attempts to annihilate all Science founded upon Reaſon. - We do not 
propoſe here to refute in Form this Method of philoſophiſing, or to aſſert 


the conteſted Prerogatives of human Reaſon; there is Nobody that is ca- 
pable of the leaſt Reflection, who would not be Able to anſwer thoſe vain 


Subtilities. What Man in his Senſes would not laugh to hear Empiricus un- 


dertaking to prove againſt the Geometricians, that there is neither Body nor 
Extenſion; againſt the Arithmeticians, that even Number does not exiſt ; 
againſt the Muſicians, that there are no ſounds? Paradoxes fo ridiculous | in 
their Nature, that barely to mention them, is to refute them. 

The Objections ſtarted by the Pyrrhonics againſt Mathematicks that NE 


ſerye any Attention, are thoſe:that regard the Nature of the Objefts they 


are employed about, and particularly Geometry; to thoſe a general An- 
ſwer has been given by Men of Eminence. The Objects of Mathematicks, 
ſay they, are ſo Metaphyſical, that it is no Way ſurpriſing they are liable 
to Difficulties; but it is à Rule obſer ved in the Reſearch of 17 
Objections, though they were unſurmountable, cannot invalidate a Doctrine 
ſupported by Demonſtration; and this is the Caſe with Mathematicks; the 
Doubts that are raiſed againſt them ariſing from our imperfe& Knowledge 
of the Nature of Bodies, Extenſion and ene cannot ATW e 
deduced from evident Nrinciples.“ e ee, pot e ee, 
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the intelleQual Powers ; he diſappreves of it futed by the Count d- Herbſtein,in a Diſſertation, 


Nel . it diverts the Mind from intitled Mathemata adv. umbratiler P Poirets 
e Contemplation of the Divinity. This de- impetus propugnata, t7og, in 810. 
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We ſhall gat, however, confine oft tes to this Kind of Defence; and | 
we ſhall diſcuſs ſome of. thaſe ſo much: boaſted Objections of the Svepiicli, 


or of the Enemies of Mathematicks. 


The Objects of Mathemwaticks, ſay they, haue no Nealit „and cannot 

exiſt z Lines without Breadth, Surfaces without: Depth, a mathematical 
Point, that is, without Length, Breadth, or Thickneſs, are mere Chimeras: 
The ſame may be ſaid of the Figures whoſe Properties are demonſtrated in 
Geometry; there cannot be a perfect Circle, a perfect Sphere, Je. whence 


they conclude, that the Objects of this Science are purely chimerical. They 


enforce. this Objiectien with ſeveral Arguments: If, ſay they, from the 
Center of a Cixele, Lines be dran to every Point of the Circumference, 
cumference ef every Circle concentric ta the former, being cut by* thofe 


Rays in as many Points will be equal to it, becauſe it wilt contain the ſame 
Number of Points. H a perfect Sphere be ſuppoſed placed upon a perfect 


Plane, their Contact will be a Point without Extent, a true mathematical 


Point; but when this Sphere rouls upon the Plane, it will deſeribe a Line 


by the continual Application of its Surface to the Plane, and in this Man- 


. 
. © 


ner will be generated a Line compoſed of Points without Extenſion, that is, 


Extenſion formed of Parts that have no Extenfion, which is abſurd, Hence 
it. appears, that the Suppoſition of a perfect Circle, of a perſe& Sphere, 
Se. involves palpable Contradiftions. Again, ſay they, if thro* every 


Point of the Ray af a Circle, concentric Circles be deſcribed, they will all 


Surfaces may be wade up of Lines, or the Geometricians will de obliged 5 
allow, that Lines have Breadth, which is ſufficient to overturn alf their 
Demonſtrations, It will be unneceſſary to produce more Objectiens of this 
Nature; becaizſe, for the moſt Part, they are only the fame Idea repreſent- 
ed in 2 different Mannèn, and that the Solution of ſome of them may ſerve as 
r oo 1, bag onde Dato TED > 
To ſalve theſe, Difficulties,! it would be almoſt ſufficient to obſerve, that 
the Mathematieians never pretended; that there were Bodies extended in 
Length and Breadth without having Solidity. That there are others that 
bave only Length without having any other Dimenſion, they only refolve 


"4 


Extenſion into its Parts, attending to-ſome"of them, and abſtracting from 


all the reſt. All Bodies have Length, Breadth, and 'Fhicknefs; but we 
may conſider the Length and Breadth, without attending to the Thickneſs: 


Hence ariſes the Idea of a Surface, and this Idea reſol ved again by # trew 
Degree of Abſtraction, produces the Idea of Length. thus the Surface ig 
the Term of the Bulk of the Body, and conſequently has no Tbickneſs z 
the Line is the Term of a bounded Surface, and the Point the Term ef 2 
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It follows from hence; that Bodies, Surfures, Lines, ate not made up of 


Surfaces, Lines, Points, for the Term of an Extenſion cannot be conſider- 
ed as one of its conſtituent Parts, whence the Hypotheſis on which the firſt 
and laſt Objection is founded, is not admiſſable, Whatever Number of Lines 


are drawn from the Center of a Oirele to its Circumferenice, or from the 


Vertex ofa Triangle to its Baſe, they will never compeſe a Surface, they 
will only be the Terms of the Diviſions of this Surface into Parts, as the 
Points of the Circumference are only the Terms of the Portions of this Cit- 
cumference, for it is thoſe Portions that compoſe it, and not their Extremi- 
ties: When, therefore, it is pretended that there are as many Points in a 
little Line as in a great one, nothing elſe can be meant by it, than that one 
can be divided into as many Parts as the other, conſequently there will be 
the ſame Number of Terms of Diviſions in each; but we can conelude 


nothing with Reſpect to their Size, which depends on that of the Portions 
into which they have been divided. The pretended Abfurdity that the 


laſt Objection ſeemed to point out, is no leſs groundleſs: all thoſe con- 


centric Circumferences do not fill up the Surface of the Circle, they only 


divide it into cifcular Zones, of which they are the Boundaries. 

It is of no Conſequence whether a perfect Sphere or a perfect Plane exifts 
or not, thoſe Figures are only the intelleQual Limits of material Magni- 
tudes conſidered by the Geometricians, What they demonſtrate with re- 
gard to thoſe Limits, is more ſenſibly tzve with-reſpe& to material Bodies, 


as they approach the tiearer to them: Allowing therefore that the Truths of 

Geometry are ny Pothetical, that is, for Example, if a petfect Globe 
and d, they would be to each other in fuch a Ratio, they 
would de very far from being ill grounded; it would be neceſſary to demon- 
ſtrate, that à perfect Sphere is the two Thirds of its circumſctibed Cylin- 


and Cylinder exi 


der, to diſcover that- the ſame Ratio ſubſiſts ſenſibly between material Bo- 
dies that appreach to thoſe Figures, as far as we are able to judge by our 
8 | tp 5 5 | 


5 With reſpect to mixed Mathematicks their Certitude depends partly up- 


on Geometry partly upon the Truth of the Hypotheſis aſſumed for their 
Baſts. Hence by pleading the Cauſe of that Science we have defended 


mixed Mathematicks, at leaſt as far as regards the Conſequences deduced 
from the Fact they preſuppoſe. As to this Fact or Principle, ſince it is 


founded upon Obſervation or ificonteſtible Experimetits, it would be cat 


ing a further than the Scepticks themſelves to Mi n; for 
I 


3 
thoſe Philoſophers did not conteſt the Truth of FA. an Experiments. 
Empiricus who tefuſed to acknowledge the Ir. © the Axioms of Geo- 


metry allowed that Part of judicial Acer non which conſiſts in foretelling 


the Viciſſitudes of the Seaſons- becauſe he 


elieved it was founded upon 
aſtronomical Obſervations. | | 
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The Invectives of Ariſtippus againſt Mathematicks, the contemptubus 
Opinion that Epicurus and his Followers affected to entertain of them can 


have but little Weight with thoſe who are acquainted with thoſe Charac- 
ters. It is no Way ſurpriſing to find a Science that requires a cloſe Appli- 
cation of the Mind condemned by a voluptuary ſuch as the former ; the 
Pleaſures they afford, Pleaſures purely mental, are quite different from 
thoſe in which they made our ſupreme Felicity conſiſt. (uh With regard 


to Epicurus, to whom it would be unjuſt to impute ſo ſenſual a Syſtem of 


Morality, other Motives induced him to reject the mathematical Sciences; 
it was becauſe his Opinions were incompatible with the Truths they con- 


tain. In Effect, what Mathematician could he have perſuaded that the 


real Magnitude of the Sun is the ſame with the apparent, or even leſs; 
that the Eclipſes of the Sun and Moon, the ſetting of the Stars, are oc- 


caſioned by a total Extinction of their Light; that they, gre newly lighted 


up at their Riſing, Sc. Such was the phyſieal Syſtem of Epicurus, a 


Syſtem well worthy . of one who ſlighted Mathematicks. Hence it is 


that Cicero ridicules him in ſeveral Places, among others (1), where he 


ſays, he can be eaſily induced to believe, without Epicurus ſwearing it, 


when he aſſerts, that he never received any Inſtructions from a Maſter, 


but that he would have done much better to have had one, and to have 


learned Geometry rather than to have decried it: Finally he adds, that this 
ſalutary Advice would have ſaved him from much Ridicule (za). | 


* — 


It is obſervable that the greater Part of the Scholaſtick Philoſophers op- 


poſed the Study of Mathematicks thro' the ſame Motives, as likewiſe in 


our Days ſome pretended Philoſophers, who eſpouſe theſe Syſtems, by. | 
Means of which every Thing is explained in general and nothing parti- 


cularly and with Preciſion, Thofe Sciences expoſe the Weakneſs, of the 


Phyſicks of the former, and Geometry deſtroys the phyſical Romances, 


of the Bee © i m ot? of forays nfs gs 
1 ſhall ſay nothing concerning thoſe Edicts iſſued by the Emperors: 


againſt the Mathematicians. It is well known, that the Aſtrologers, were 
diſtinguiſhed by that Name, who flocked to Rome during ſeveral Ages, 
even down to the Time of St. Auguſtine, who wrote a Homily on the Re- 


| (5) Diog. Laert: in Ariftippo. Chevalier de Mere, who, in a Letter to Paſ- 


.) De fnib. Box. et Mal. lib. 1. 8 7. chbal, ſet up for a firſt-rate Mathematician, 


ears by another Paſſage of Cicero, (Bayle Dict. Art. Zenon de Siden Let.-du Che- 


Acad. 


a certain Polyneus; 


d a good Mathema- Demonſtrations of Paſchal and of Geometry. 
eb ined, that Geo- Thoſe Arguments prove nothing againſt Ma- 
metry was a mere Tiſſue of Fa 


— poſſible that this Palyneus mig t produced of eminent Mathematicians that de- 
aſſe 


. 6 . 
d for an able Mathematician, though very tested this Science after having ſounded it, 
Odj«aio | 


11 1 BY _— _ 3 = happen, or ns equal in Porce and Evidence to 
that an able Mathematician might have been the Principles an which G try is x 
miſied. To this Example we may add that of F PE PT IR ng ounded;. 


hat Epicurushad gained over val. de Mere, Num. 19.) treats as falſe the 
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conciliation of one of thofe pretended Mathematicians with the Church;(x)} 


but the Men of Underſtanding, the Philoſophers,” the Emperors themſelves 


who proſcribed the Mathematicians through the Empire, knew how to diſtin- 
guiſh the real Profeſſors of this Science from the Impoſtors who uſurped 


their Name, conferred Marks of diſtinction on the former, whilſt they de- 


creed Puniſhments againſt the latter. There is a Decree of the Emperors 
T heodofius and V alentinian, (y) conferring the honorable Titles of Speglabi- 
les and Clariſſimi on the Profeſſors of Geometry. The Emperors Dlocle- 
tian and Maximien declared by a Reſcript that the Cultivation of Mathema- 
ticks: was an Object of public Concern ;* Artem Geometriæ diſcere atque 
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It remains now to anſwer Objections of another Nature; theſe do not 
regard the Certainty of Mathematicks, but the Rank they ſhouid hold 


among the human Sciences. It is common in theſe Days for Men of Li- 


terature, upon every Occaſion, to under value theſe Sciences, and to ex- 
tenuate the Merit of thoſe who excel in them. According to theſe Cri- 
ticks, Mathematicks flouriſned along with the Schoolmen in the Ages the 


moſt deſtitute of Taſte, Science, and Delicacy. The greateſt Mathema- 
ticians, ſay they, elſewhere have been always the moſt aged or the moſt 
laborious. We can clearly diſcern the Motive that induced them to 


ſpeak in this Manner. It is evidently in order to exclude all Genius from 
Mathematicks, and reduce them to the Level oſ the ſcholaſtic Puerilities. 


According to Scaliger, and others who have retailed his Opinions, Genius 
is not requiſite to ſucceed” in thoſe Sciences, and conſequently thoſe who 


. 


Place in the Annals of Literature. 


devote themſelves to the Study of them need not expect a diſtinguiſhed 
Theſe Reproaches or Invectives rather, will not ſurpriſe thoſe who are 


acquainted with the human Heart; it ariſes ftom that Failing to which the 


greater Part of Mankind are addicted, of over-rating their own Purſuits, 


and contemning thoſe of others. With regard to Mathmetaticks, there is 


a further Reaſon for this Condu&t. Thoſe Sciences being of a rude and diffi- 
cult Acceſs, and requiring much Pains and Study to become thoroughly ac- 


quainted with their fundamental Principles, the greater Part of thoſe who 


endeavour to decry them with ſo much Malignity, are animated with a Sort 


of Deſpight for their having wanted Talents to purſue ſuch Enquiries. 
It was, for Example, Vanity mixed with Envy, that excited Scaliger to 


ſpeak with ſo much Contempt of the Mathematicks. Fo/eph Scaliger, full 
of that Self- ſuſſiciency which made him fall into ſo many Errors, was de- 


ſirous of 3 Reputation even among Mathematicians; far from en- 


tertaining at that 
(x) In Pſalm. l. LXI, p. 32. Ed. Frs 0 L. 2. Ced. de excuſat Artif. 5 


ime ſo contemptible an Opinion of them, he attempt- 
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ed the Solution of all thoſe Problems that hitherto had baffled all their 

Sgkill; ſuch as the Quadrature of the Circle, the Triſection of an Angle, 

the Duplication of the Cube, &c. he at length diſcloſed (29 his pretended 
Diſcoveries with much Pomp. He propoſed alſo a new Method af re- 


the Calendar, which he oppoſed to that of Gregory XIII; but all 


formin | | ry 
_ thoſe 1 far from being applauded by the Mathematicians, met with 


that Reception which a Tiſſue of groſs Parallogiſms, propoſed with the 


greateſt Aſſurance, deſerved : An univerſal Cry was raifed againſt Scaliger, 


and Clavius among others convicted him of the Miſtakes he had committed. 
From that moment, all thoſe who eultivated Mathematicks with Succeſs, 
were only dull heavy men; and the Jeſuit Geometrician, his principal Ad- 


verſary, was loaded with Abuſe in Proportion to the Aﬀront he had re- 
ceived. - They deſerve no other Anſwer than this ſhort Hiſtor x. 
Thhoſe who applaud ſuch groundleſs Imputations, ſhew ;themſelves either 
very ignorant of Facts, or have very little Candour. Were then Pythago- 


ras, Plato, and all the eminent Mathematicians among the Ancients, were 
Deſcartes and Newton among the Moderns, dull and heavy Men? It would 
be the Exceſs of Injuſtice, to treat thus the celebrated Mathematicians of our 
Times. Whoever can taſte the preliminary Diſcourſe of the Encyclopedy, 
a Diſcourſe wherein the Talents of an able Writer appear - conſpicuous; 
whoever, I ſay, can perceive the Beauty of this Diſcourſe, will not heſitate 
to rank the . among the firſt Men that grace the 1blick of 
Letters. This is, however, the Production of one of our. firſt-rate Ma- 


| thematicians, who, with the ſame Pen that he calculated the Action of 


Fluids, the Irregularities of the Moon's Motion, wrote this truly-ſublime 
Piece. 'There is another whoſe Name has been rendered famous by one of 


the greateſt Operations that was ever - attempted, by various mathematical 


and phyſical Diſcoveries, and who had the Talent of adorning the grieſt 
Philoſophical Subjects. It would be eaſy to cite a Number of others, in 
whom profound Meditation has not dulled the Vivacity of Imagination. 
If there are found Mathematicians of a different Caſt, they are either not 


of diſtinguiſhed Abilities, or it may be a Defect contracted by Solitude, ſo 


apt to extinguiſh all Brilliancy and Livelineſs of Imagination. Great Ge- 
niuſes of every Species have experienced this Fate in different Ages, but 
particularly in thoſe Days when Men of Learning were confined ſolely to 
their Books, and never paſſed the Limits of the Science to which they de- 
voted themſelves. If ſome Mathematicians were then entirely Strangers tu 
polite Literature, how few were the Profeſſors of Belles Letters who were 
acquainted with the firſt Elements of the Sphere? I ſay, ſome Mathema- 
ticians, for it would be eaſy to prove, by a Multitude of Inſtances, that 


moſt of them were verſed in ſeveral Branches of polite Literature: But if 


(8 ) Cyclametria. 
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there were even more that lived in à Kind of literary Barbariſm, this was 


common to them with many others; however, they are much reformed as to 
this Point, in this Ag It would be eaſy to find actually, Men of Letters, par- 
ig the Poets, who know not the Reaſon why the Days are longer 

in Summer than in Winter. Should a Phenomenon, ſo reg larly and fre- 
quently oceurring, leſs excite the Admiration and Curioſity of the human 
Mind, than the ſublime Beauties of Poetry and Eloquence? e e 
Thoſe who ſpeak of Mathematicians with ſuch Contempt, doubtleſs have 


miſtook the Compilers of voluminous Works for the ableſt Mathematicians ; 


and as Authors do not compite large Volumes in the Prime of Life, or with- 
out an immenſe Deal of Pains, they conclude from thence, that the oldeſt 
and moſt laborious were the moſt eminent Mathematicians. This Miſtake 
is only pardonable in a Stranger to mathematical Learning: Had theſe Cri- 
ticks: been leſs ſo, they would have thought otherwife. Mathematicians 


have always diſeovered more Genius in ſome Pages of Viela, Kepler, Co- 


pernicus, Tycho Brahe, than in the voluminous Writings of Clavius, Renat- 
dini, Guarini, c. Defeartes, while yet at the Flower of his Age, in- 
ſtructed all the Mathematicians of his Time, by publiſhing his Geometry, 
written in a very concife Manner, The vaſt Improvements Geometry has 
received within this laſt Century, are almoſt entirely awing to young Ma- 
thematigians : De Fermat was as young as-Deſcartes when he contended with 


him, and laid the Foundations of the Infinitefomal Calculus; Wallis was very 


young at the Time he grafted his Diſcoveries upon thoſe of Deſcartes and 


Fermat; Newton had ſearee attained his 23d Year, when he was the firſt 


Mathematician in Europe, finee at that Age he had diſcovered feveral of 
his ſublime analytical Metheds, and among others the Principles of the di- 
rect and inverſe Method of Fuxions; a few Years after, he analyzed Light, 
and at the Age of 28, 'publiſhed his' profound Theory of Opticks; his im- 
mortal Treatiſe Princifia Mathematica Philo ſophia Naturalis is partly the Pro- 
duction of his Youth, he had then laid the Foundation of that immenſe 


and admirable Structure; the Lives of many ordinary Men would fcarce 


be fufficient to collect and digeft the infinite Number of Materials he has 
employed, and which he drew from Geometry and the moft fubtle Me- 
chanicks; however, he had ſearce completed the Half of tis Career, when 


at the repeated Solicitations of the Learned, he publiſhed this Work. Lel- 


nitz, propoſing Cartels to the Geometricians, or anfwering them, was but 
very young: This great Man's proformd Knowledge in Antiquities, in Hif- 
tory, in Politicks, and Jurifprudence, his Taſte for the moſt refined Meta- 
phyficks, are univerſally known; had it not been for theſe various Studies: 

rhich equally ſhared his Attention during his Life, probably his youthful 
Days would have been diſtinguiſhed, as well as thofe of Meute, by im- 
portant Diſcoveries. What ſhall I ſay of the illuſtrious Brothers, Famerand 
Fohn Bernoully, who, following in the ſame Path Newton and Lebnita, were, 
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"= : MASTOMRY HOrF, : 
after them, the ableſt and youngeſt Mathematicians in Europe? In fine, we 
may venture to affirm, that there has not been, a Mathematician of Repu- 


tation who. has not diſtinguiſhed himſelf in his Youth by ſome- Work of 


Genius. ,, einen nn 
Wie may conclude from thoſe Traits, of which it would be eaſy to augment 
the Number, that the firſt Accuſation of the Enemies of Mathematicks is 
deſtitute of Foundation; nor is. the ſecond more equitable. Thoſe Mathe- 
maticians that flouriſhed in the Ages of Ignorance and Barbariſm, were not 
ſuch as thoſe Criticks would repreſent them; independant of their Num- 


ber being very ſmall, while the Seminaries of Learning ſwarmed with 


Schoolmen; independant that the greateſt Part of even thoſe oppoſed the falſe 
Taſte that prevailed in the Schools, could the moſt eminent among them 
enter into Competition with thoſe Geniuſes that Greece in her flouriſhing 
Days produced, with thoſe that appeared in Europe ſince the Revival of: 


| Letters. Their Knowledge, confined to the elementary Parts of thoſe Sci- 


ences, to underſtand Euclid's Elements perfectly was conſidered as an extra- 
ordinary Effort of Genius; the Geometricians of a more diſtinguiſhed. 
Character, ſuch as Archimedes, Apollonius, Ac. were ſcarce known to them. But 


let us admit for a Moment, that theſe dark. Ages produced ſome eminent 


Mathematicians, why ſhould the, Fecundity of Nature, that from Time to 
Time produces great Geniuſes, ſhould it be ſuſpended? Thoſe Men were ſo 
much the more praiſe-worthy, becauſe they were able to make their W ay in 
ſpite of the Ignorance and Prejudice that prevailed in thoſe Times; and no- 
thing is more hogorable to Mathematicks, than that the great Geniuſes in 
all Ages were verſed in thoſe Sciences: We might conclude from thence, 
that no Study is more proper to give that Strength and Vigour to the Mind, 
which enables it to triumph over the Obſtacles of Prejudice and Ignorance. 
Beſides, might it not be aſked, in what Age did Homer, Hęſiod, Er. live? 


Was it not when Greece was plunged in Barbariſm? Was it not in an igno- 


rant Age that Dante, Petrarch, ſhone forth in Italy? How. many Poets of 


Merit, how many Men of ſound Literature, flouriſhed in the 16th Century, 


ſo little productive of eminent Mathematicians every where but in Haß, 
where Arts and Sciences were cultivated with unremitted Zeal? The Ob- 
jection, therefore, of the Enemies of Mathematics, proves nothing. 
Upon a more candid Examination it will appear, that for the moſt Part 
Men famous for polite Literature, and thoſe eminent for Mathematicks, 
lived in the ſame Age. The eminent Mathematicians that Itah produced at 
the Revival of Letters in Europe, were cotemporary with Arioſto and Taſſec: 
The ſame Age that produced in France a. Deſcartes, a Paſchal, a Fermat, 


and a Marquis de L'Hepital, produced allo Corneille, Moliere, Racine; in 


England, Wallis, Newton, and Halley, were cotemporary with Milton, Ad. 


| Ji an, and Pope. | 3 FT a 
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The Ancients, more equitable, ſeem to have been ſenſible of this Truth, 


when they aſſigned to one of their Muſes the Employment of preſiding over 


the Study of the Heavens. As this Study, by the Nobleneſs of its Subject, 


claims the moſt diſtinguiſhed Rank, they had it chiefly in View when they 
created that allegorical Being; but the Attributes (a) they gave it, apper- 
tain to Mathematicks in general: In effect, the Compaſs and Square are the 
Symbols of Geometry, and evince that they had more extenſive Views 
than one would at firſt be apt to imagine; beſides, it is only by the mutual 


Aids they afford, that we can attain to the ſublime Knowledge of the Con- 
ſtitution and Laws of the Univerſe; they are therefore of the Number of 


thoſe Sciences over which this Divinity preſides. The Muſe Urania, there 


fore, not only guides the Aſtronomer thro' the Heavens, but alſo inſpires 
the Geometrician and the Mechanician, who alſo have a Seat on Parnaſſus ; 
it being but juſt, that thoſe who explore the Myſteries of Nature with ſo 
much Sagacity, ſhould aſcend with thoſe who paint Nature with ſo many 
Charms. | | | 3 8 


I might here avail myſelf of the Teſtimony of Cicero, Not of Cicero ex- 


alting his ew Profeſſion, by fnewing how few had attained Perfection in it; 
but of Cicero the Philoſopher, weighing the Sciences in the Balance of Rea- 


ſon. What Encomiums does he not give to Phy ſicks and Mathematicks (6b) :: 
Quid dulcius otio Litterato; iis dico litteris quibus infinitatem rerum ac Nature 
et in hoc ipſo Mundo, Calum, Maria, terrgs cognoſcimus. He makes Wiſdom 
partly to conſiſt in contemplating and unravelling thoſe Myſteries : He ex- 


claims(c), What Riches, what Crowns, can be preferred to the Pleaſures 


taſted by a Pythagoras, a Democritus, an Anaxagoras, in contemplating the 
ſurpriſing Spectacle of the Univerſe! In another Place (d), he even ven- 
tures to call the Genius of Archimedes, divine, for having been able to imi- 
tate, in a frail Machine, the ſtupenduous Structure of the Univerſe. The 


| Sagacity of Aſtronomers appeared to him ſo great, that from thence he de- 


duces one of his principal Proofs of the Exiſtence of a Soul, Portion, or 
Image, of the Divine Being. e 
It now remains to ſhew the Utility ariſing from the Study of Mathema- 


ticks (e). I ſhall confine myſelf here to the Advantages reſulting from that 


(a) See the Frontiſpiece. (e, Bid, lib. v. verſ, med. 

(b) Tuſcul. Queſt. lib. v. verſ. fin. 4 d) Thid, lib. 1. verſ. med. 

(e) Several Authors, thro? a miſtaken Zeal with Paſſages and Texts taken from Mathe- 
for Mathematicks, have extolled their Utility maticks; in his Opinion, the Conic Sections 
in a very puerile Manner. We think it ne- afford excellent Materials for Similes for the 


ceſſary to obſerve this, leaſt ſuch injudicious Uſe of the Pulpit. - 


Pretenſions, if not taken Notice- of, might Others have made ridicylous Applications of 
expole thoſe truly valuable Sciences to ridi- the mathematical Truths to Queſtions in The- 


cule. F. Merſennus ( Harm. Univ, tom 2. lib. ology, .Metaphyſicks, and Morality. The 


viii. Syn. Mat. Pref. F13.) does not ſcruple Fythagoreans formerly ſhewed the Example, b 
to exhort the Orators to advra their Niſcoutles ths ies BY: 


Vs, 


Aozlogics of Figures and Numbers they 
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pretended to find in all N ture fl but the Mo- 


Pythagoreans in 


derns have far outdone the 
thoſe Conceits, particularly J. Caramuel de 


Loabkewitz, Author of the Book entitled Ma- 


' theſis Audax, Rationalis, Naturalis, Superna- 


* 


turalis, & c. Lov. 1644, 4to. All the Subtili- 


ties of Metaphyſicks, all the Myſteries of re- 


vealed Religion, are explained by mathema- 
ticai Reaſoning, the Application of which is 
truly ridiculous. He examines whether God 
could create Angels whoſe Degree of Perfec- 


tion is incommenſurable, if the Motion of the 
Earth be poflible. admitting the Rapt of St. 
Faul, what Species of Triangle form the Tri- 


vity, Ge. Caramuel had Imitators in one 
Michael Berns, Author of a Treatiſe wrote 
in High Dutch; in Gaſpard Schmidt, who alſo 


found all the Myſteries and Precepts of Re- 
ligion in Mathernaticks. His Work, a mere 


Rhapſedy, is entitled Aftrologia Cathetica. 

Voſſius does not give any great Proofs of his 
Diſcernment in his Book De Scientiis Mathe- 
maticis, c. . When he diſcuſſes the Utility of 
the Mathematicks, he finds them fit for every 
Purpoſe; for Poetry, Grammar, Economicks, 
Theology, &c. The Reaſons he alleges are 
really curious: The Art of Combinations, 
ſays he, will teach the Poet that the Verſe 
Rex, Lex, Sol, Dux, Fons, Lux, Mons, Spes, 
Pax, Petra, Chriſtus, will admit of 3628800 
Variations. The Gramarian will learn, that 
a Dictionary of the Size of Calepin, would 
ſcarce be Caficient to contain the different 
Words ariſing. from the Combination of 16 
Letters. The Economiſt will leara from 
Mathematicks, that a Pea in 12 Years would 


yield ſo plentiful a Crop, that ſold at a mo- 
derate Rate, would ameunt to more than 


t 0090000000000 Crowns. - But the honeſt Voſ- 
fins was ignorant of the firſt Rudiments of 


Trade, ſince a Commodity ſo abundaut would 
be of no Value. The Divine, in fine, will 


find there Subje& ſufficient to calm the Ap- 
prehenſions of thoſe who. might fear they 


would not find Room in Paradiſe : They would 


learn from Mathematicks, that tho“ the World 


ſhould ſubſiſt 12000 Years longer, and there 


ſhould be twenty thouſand Millions ſaved, the 
Empyreal Heavens are ſo vaſt, that God might 


aſſign eo sach of them a Space exceeding the 


Extent of ſeveral Kingdoms on the Surface of 
the Fred. e ay 
\ We ftrall alſs take Notice of feveral Books 


science, in ſupplying our Wants and adminiſtring to our Pleaſures; how 
this Study ſtrengthens and improves the Faculties of the Mind, we have al- 
ready hinted. It were to be wiſhed, as Mr. Locke ſays, that all thoſe 


publiſhed by injudicious Perſons, with a View 


of ſhewing the Utility of Mathematicks for 
explaining the Holy Scripture. Theſe are the 
Titles: Anfrez Arnoldi Matheſis Sacra, 1676, 


4t0o. Altorf. Sam. Reyheri, Mathefir Moſaica, . 


1679. Kriſt. Sturmii, Math. ad. S. Script. in- 
terp. Applicata, Norib. 1710. Wideburgi, Spe- 
cimina Matheſeos Biblice. J. Schmidt. Matbe- 
is Biblica, 8vo. 1736. There is no Doubt, 
that ſome Knowledge of Arithmetick and 


Geometry is neceſſary to explain certain Facts 
in Holy Writ ; but it is quite ridiculous to rake 


together, as thoſe Authors have dane, a Mul- 
titude of trifling Queſtions, for the Sake of 
applying to them the fiſt Principles of Arith- 
metick and Geometry, for ſuch are for the 
moſt Part the Queſtians found in thoſe Books; 
as the Calculation of the Sand, mentioned in 


Geneſis x111, 6; that of the Size of Goliath; 


the Weight of Abſalom's Hair; and, of the 
Crown of the King of the Ammonites, Cc. 
Voſſius has taken Care to extract ſome of the 
moſt frivolous, to encourage Divines to ſtudy 


Mathematicks. ä 


Among the Abuſes of choſe Sciences, we 


may reckon the pretended Application of them 


to Metaphyſicks and Phyſick. There are 
ſome Authors who have imagined, that when 
they had digeſted their Conceits in the Form 


of Theorems, Problems, Corollaries, they had 


raiſed them to, the Rank of mathematical 
Truths. Of late, ſeveral Works have ap- 
peared where the moſt conteſted Points in Me- 
taphyſicks are treated after the Manner of the 
Geometricians, whoſe Authors, after having 
heaped up a Number of gazed erat Demonſtr an- 
dums, Scholia and Corollaries have believed 
their Opinions, have thereby acquired the 


Certajnty of a geometrical Theerem. We 


ſhall here obſerve, .that it is not from the Form 
of their Demonſtrations, that Mathematicks 
derive their Certitude; they owe it chiefly to 
the Simplicity and Evidence of their Prin- 
ciples; to the clear and inconteſtible Connec- 
tion of the Propoſitions deduced one from the 


other. Sr. P. de Croſa ſeems to have intend- 
ed to expoſe to Ridicule this improper Uſe of 


the Form of geometrical Reaſoning, in a 


Treatiſe on the Spirituality and Immortality of 


the Soul: The Arguments he propoſes are 
quite humorous, and all in the geometrical 


Style, which are a perpetual Satire on the 


Metaphyficians we have ſpoken f. 
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+ who are deſtined for a Way of Life that requites the Bxertion of the intel- 
lectual Faculties, would apply themſelves to the Stud | 
ſhould ſee fewer precipitate Concluſions, fewer falſe Arguments, boaſted for. 


Study of Mathemnatitks, we 


Demonſtrations; in fine, fewer Perſons feduced by the ſpecious Appearances 
of Truth. But we have already ſufficiently inſiſted on this'Article. © 


FS 


It muſt de allowed, that the Aid of Geometry and Atithmetick is abſo- 


lately requifite in Society, and in an infinite Variety of Caſes, in Econo- 
micks, Juriſprudence, &c. As the Property of each individual muſt be 
aſcertained in Number, Meaſure, and Weight; in general a Knowledge of 
the Elements only of theſe Sciences fuffices, but there are Circumſtances 


in which the Aid of the moſt profound Knowledge of thofe Sciences is 


requiſite: It is of Importance to a State, to private Companies, &c. that 
eſtabliſh Annuities on Lives, Inſurances, Fe. that authoriſes certain Games 


of Chance, as Lotteries, to know the 1 and Diſadvantages, and 
Ee 


to State 4 certain Equality. Upon thoſe Queſtions, Mathematicians are 
always conſulted; and the Inſpection alone of the Books wrote on thofe 


adjects, fiffictently evince that they are of a higher Inveſtigation than 


thoſe of common Arithmetick. 
Fhyſrek furniſh ſeveral Examples of the A- 


buſe of Mathematicks. It is true, they may 


| ſerve to explain ſofie mechanical Effects ob- 
ſervable in the human Body: Borelli's Trea- 


tiſe De Motu Animalium, is, 1 this Re 
very valuable; but, to pretend to apply Cal- 
cotuion to the combined Motions of Fluids 
and Solids, in 4 Machine the moſt compticated 


exiſting, is an Attempt, we may venture to 


declare, chimerical. See Maupertuis“ ĩ Iv 
Letter on this Subject. It is entertaining, at 


leaft fo Mathematicians, to fee ſome Phyſiolo- 


giſts reſolve, by a few Strokes of the Pen, 
Problems, whoſe Solutions, thoſe who are 
moſt” profoundly ſkilled in Mechanicks and 
Geometry, would not attempt. The Diſſer- 
tation of Mr. Bernoully, De Motu Muſcalorum, 
ought to be only conſidered as an ingenious 
Bay of his Skill on an hypothetical Pro- 
blem, whoſe Solution is modified by a thou- 


ſand Circumſtances. Here follow the Titles 


of ſome Medico-mathemgtical Beoks: N. 
Stroem, Ratioc. Mechanic. ih Medetina uſus 
Findicatus, L. Bat. 1707, 8vo. N. Gaukes De 
| Med. ad: Math. Certitnd. evehenda, 1712, 8vo. 
Archibaldi Pitcarnii, Elementa Medicine Phy- 
ffro- Math. Lond. 171), 8%. No Man appears 
to have abuſed Mathematicks more than this 


_ Hſt Phyſician: He aſſerts what is truly ridicu- 


1692s ; that by their Aſſiſtance he had found 


ont a Method of curing the Dilorders incident - 
to the Eyes; he even goes ſo far as to propoſe | 


+ 


this Problem: 4 Diſtemper being given, to aſ- 
Agn the Remedy for it! In all 1 Pit - 
earn reſolved it badly; for notwithſtandin 
Solution, the Art of Healing is found every 
Day defective in the Treatment of the beſt 
known Diſtempers, | 


Queſtions ſometimes occur in Jurifprudence, 


that require ſome Skill in Arithmetick, and 
ſome Knowledge in Gegmetry ; this has given 
Riſe to the followiz orks: N. Vogt, Arith.. 
Jaridica. N. Polackii, 'Mathefs Forenfer. It 
thoſe Works have been compoſed with an In- 
tent to afliſt the Lawyers in diſcuſſing theſe 
Queſtions, the Motive is laudable; but if their 


Authors intended theteby to ſhe the Univer- 


ſallity of Mathematicks, by applying them to 
a thouſand frivojous Queſtions that have any. 
Connection with Juriſprudence, we may claſs 


ſuch Compoſitions with Marbeſit Bibliea, Me. 


ſai ea, Ce. 


AMathematician (he Count d' Herbeſtein) | 


has 18 a Diſſertation on this Queſtion: 
An Studium Geometrie, rempublican admini- 
firanti adminiculs an Obſtaculo {Prague). I know 
not how he reſolves this Queſtion : 1 conjec- 
ture, however, he concludes that Sovereigns 


ſhould only chuſe Mathematicians for their 


Miniſters of State. We could not expect leſs 
from a Country aad an Age, ſo productive of 
frivolous Compoſitions on che Utility of a- 
thefnaticks, | | 
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great Uſe in perfecting that Part of the military Art. 


It is by Mechanicks and the ingenious Combination of its different Pow- 


ers, that human Induſtry is enabled to remove and tranſport Weights ſo 
ſuperior to our natural Strength ; to make Water ſerve as a moving Power 
to ſeveral Machines, to raiſe it to the Tops of Mountains, and from thence 
diffuſe' it as Occaſion may require. Archimedes defended his Country for a. 
long Time by his mechanical Inventions; and almoſt all the Engines em- 
ployed by the Ancients in War, were invented or perfected in thoſe Ages 
when Mathematicks flouriſhed in Greece; which proves that they were of 


The Advantages reſulting from Aſtronomy, cannot be conteſted by thoſe 


who will attend to the following Facts: This Science is the Soul of Geo- 


graphy, of Navigation, and of Chronology. It muſt be allowed, that it 
is of ſome Importance to Man to know the Form, the Extent, the exact 
Situations of the different Parts of the Globe he inhabits. How can this 


Knowledge be attained, but by the Aſſiſtance of Aſtronomy ? It is eaſy to 


perceive how inſufficient for this Purpoſe the moſt exact Journals of Tra- 


vellers are, at leaſt for determining the Situation of Places very remote from 


each other. Beſides, in how few Caſes can this Method be employed? 


And if it was the only one, we ſhould not as yet have known the narrow 
Limits of the Places that environ us. By the Aſſiſtance of Aſtronomy, the 
moſt diſtant Countries, tho" ſeparated by innavigable Seas, Deſerts, and 
barbarous Nations, Ec. hold a Sort of Correſpondence by the Interpo- 
ſition of the Heavens alone. . e 
Commerce, that Source of Wealth and Power to a Nation, is in a great 
Meaſure indebted to Mathematicks for the extenſive Manner it is carried on 
at this Day. In effect, this Science has had a greater Share than is common- 


ly imagined, in the Diſcovery of thoſe Countries whence ſuch Riches flow 


in upon us. When Infant Don Join of Portugal, who principally promoted 
the Diſcovery of the Indiet, propoſed carrying this Scheme into Execution, he 


employed the moſt eminent Mathematicians to contrive Inſtruments for ob- 


ſerving, and to invent proper Methods for keeping a Reckoning at Sea; by 


theſe Means, he induced Men to enter into his Views, and emboldened them 
to brave the Dangers of unknown Seas: Such was the Origin of Nautical 
Aſtronomy. This Prince, who was well ſkilled in Mathematicks himſelf, 
was the Inventor of the Charts employed in that Voyage ; probably ſo great 
an Enterprize would have never been carried into Execution, without theſe 
Circumſtances. | | | EOS | 
If we now are able to traverſe the Ocean with ſo much Security and Skill, 
it is ewing to Mathematicks which has furniſhed the Means. To Mer- 
cater, an Aſtronomer and Geographer of the Low Countries, we are indebt- 
ed for the Invention of Charts by increaſing Latitude, eſteemed the beſt 
by intelligent Navigators. And, without Doubt, it is from Aſtronomers. 
that this Art will receive its laſt Degree of PerfeQion, when the Motions 
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of the Moon vill be ſufficiently known as to enable them to determine its 


Place every Inſtant with Accuracy. 22 


The Chronologers have always employed the celeſtial Phenomena as 2 


Means of verifying the Dates of certain fundamental Epochas; We find no 
Order in the Chronologies of ancient Kingdoms, ariſing from their igno- 
rance of the celeſtial Periods. The Certainty of Hiſtory, as far as it de- 
pends on the aſſigning to Events their proper Places, is entirely owing to 
Aſtronomy. A well regulated Calendar ſeems to be the moſt important 
Production of this Science. What Pains did not the ancient Greeks, Per- 
frans, the modern Europeans, take to give to their Calendar a permanent and 
perfect Form, which they attained only in Proportion as they cultivated 

Aſtronomy. I ſhould not omit mentioning, that this Study has freed. us 
from thoſe Terrors ſo diſgraceful to human Reaſon, that uſed to affright 


whole Nations ignorant of the Cauſe of certain unuſual Phenomena. We 
recall to Mind, with Pity, the Story of that weak Prince, who, upon ſee- 


ing an Eclipſe of the Sun, ordered his Son's Hair to be cut off, as on a Day 
of publick Calamity. The Ignorance of Nicias, who commanded the Athe- 


nian Fleet in the War of Sicily, was the Cauſe of the ſignal Defeat they 


received on this Occaſion : Nicias, terrified by an Eclipſe, was afraid to ſet. 
Sail when it was Time, in Order to raiſe the Siege of Syracuſa: The next 
Day the Wind proved contrary, and prevented his Departure, and he was 


taken Priſoner with his whole Army. It is not long ſince, that the Ap- 
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pearance of a Comet inſpired ſuperſtitious Terrors; Aſtronomy alone could. | 


calm them, by unfolding the Cauſes ef that alarming Phenomenon, The 


conſiderable Progreſs of thoſe Sciences, has occaſioned the Fall of judicial. 
Aſtrology : That deluſive Art, ſprung from the Abuſe of Aſtronomy whilſt 
yet in its | Infancy, has loſt all Credit, except with a. few weak Minds, 
ſince Aſtronomy. has been ſo vaſtly improved. The different Branches of 


that Science, have thrown great Light on the general Syſtem of the 


World, an Object worthy bf the Contemplation of rational Beings wha. 


enjoy that wonderful Spectacle; ſuch will doubtleſs be the Opinion of all 
thoſe whoſe Eyes are not entirely turned to the Earth, and who recall ta 


Mind thoſe fine Verſes of Owd: | 
Pronaque cum ſectent Animalia cetera Terram, 
Os Homini ſublime dedit, Cælumque tueri | 
Fuſſit, et erectos ad Sydera tollere Vultus, 
| gy 


T o enter into a Detail of the Advantages reſulting from the Cultivation 


6.8 


of the other Branches of mixed Mathematicks, would be affecting a uſeleſs - 


Prolixity ; they are ſufficzently obvious to diſpenſe us from inſiſting any 
further on that Head, we ſhall therefore confine ourſelves to ſome Obſerva- 
tions on geometrical Speculations, the End and the Utility of which might 
be queſtioned. It mult be allowed, that there are a great Number that are 
merely intellectual Curioſities, and of no apparent Utility; but when ue 
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conſider that they are the only inconteſtible Truths which the human. 
Mind can, by pure Reaſoning, attain to, we ſhall ceaſe to regard them as 


frivolous. In effect, Man being compoſed of two Parts, the one Intellectu- 


al, whoſe Nature is to reflect and to inveſtigate the Properties of Objects; 


the other ſormed to perceive and enjoy thoſe ſame Objects. It muſt be al- 


lowed, that if their ſenfible e ee ſhould be ſtudied with a View of 


ſupplying our Wants and adminiſtring to our Pleaſures, thoſe that are purely 
intellectual, are particularly ſuited to our intellectual Part. Beſides, to 


what a narrow Compaſs would human Sciences be reduced, if all thoſe 


were excluded, from cultivating which, no apparent Advantage accrue to 
Mankind, ſhortly Ignorance would prevail; and bring back all the Evils at- 
tending the rude and barbarous Ages. OLD 

We may further obferve, that thofe purely theoretical Truths, whoſe 


Uſe is not obvious, may probably be productive of ſome which future Ages 


may diſcover, but particularly may pave the Way to more important 
Truths. What an Apparatus of Geometry does not ſome Queſtions in Me- 
chanicks and Aſtronomy require? Among the latter, for Example, the Mo- 


tion of the Moon, from the compleat Refolntion of which we ſhall probably 


derive the ineſtimable Advantage of a perfect Navigation. The Fate of 
mixed Mathematicks is clofely connected with that of abſtraft Mathema- 
ticks: Every Truth contained in the latter, is of Importance to the former. 


I ſhall conchude by a Reflection. A Philoſopher aſked, what would be 


the Employment of Men, if-they were exempt from Paſſions and from the 


Wants their Nature ſubje& them to? Doubtleſs, the Enquiry after Truth 


and the Contemplation of the Phenomena of Nature, would be their only 


ſo noble, the ſole Occupation of perfect 


Purſuits thro” a Life equally tranquil and happy: Well, then, thoſe Objects, 

eings, thoſe Objects, I ay, are 
thoſe of the Mathematician. Abſtract mathematical Enquiries, and their 
Application to the Study of Nature, enter therefore into the Plan of the 


Inſtructions given in the Drawing School eſtabliſhed by the DBLIx So- 
CIETY, purſuant to their Refolution of the fourth of February, 1768; to 


enable Youth to become Proficients in the different Branches of that Art, 


and to purſue with Succeſs, geographical, nautical, mechanical, commer- 
cial, and military Studies. = WW 


TL. 85 | 

"ISE Regulations relative to the Education of Youth in England, 
44 Scotland, and other Parts of Eulvpe. Fatal Conſequences reſulting 
to this Country from the Neglect of this important Object. How far the 
Drawing School eſtabliſned by the DoBrix Sochrx put on a proper 
Footing has ſupplied this Defet. | OS APES of 5 

| Plans of Inflruttion put in Execution in this School, © 


Plan of a Courſe of pure Mathematieks: Utility of this Science: Me- 
thod of teaching it: Is divided into Arithmetick numeral, and ſpecious; into 
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Geometry, Elementary, Tranſcendental, and Sublime. © Concluſion. Au- 


thors who have fnrniſhed the Materials of. this Courſe, + e 
. 1 relative to young Noblemen and Gentlemen of Fortune. 

Plan 

Syſtem of the World. Advantages reſulting from the Knowledge of the 


Syſtem of the World. Public Schools erected in England, Scotland, Ic. for 


inſtructing young Nobleman and Gentlemen of Fortune, in what regards the 


Syſtem of the World. Method of teaching the Diſcoveries relative to the 
Syſtem of the World. Progreſs of the Diſcoveries relative to the Syſtem of 


the World. Principal Phenomena of the Syſtem of the World. Theory 


of the principal Planets. Theory of the Figure of the Earth. Theory of 


the Preceſſion of the Equinoxes. Theory of the Tides. Theory of the 
Refraction of Light. Theory of the Moon. Theory of the Comets. 
Concluſion, 'Thoſe Theories taken from the Principia, not as interpolated 
and anatomized by Pemberton, Clark, M Laurin, c. but from the Original. 
The Demonſtrations being compleated by ſupplying the Steps, which were 
deſignedly omitted by the illuſtrious Author. Enumeration of the Improve- 
ments which theſe Diſcoveries have received from the united Efforts of the 
firſt Mathematicians in Europe. 5 „ 
Plan of the Art of making Experiments, and that of employing them. 
Neceſſity there was of furniſhing the School with a compleat Collection of 


the beſt executed Machines, adapted for experimental Enquiries, and of in- 


ſtructing Youth in the Management and Uſe of thoſe Machines. I Claſs. 
Machines for making Experiments on the Gravity, Motion, and Equilibrium 


of ſolid Bodies. II Claſs. Machines for making Experiments on the Gra- 


vity, Motion, and Equilibrium of fluid Bodies. III Claſs. Machines for 


— 


making Experiments on the Air. IV Claſs. Machines for Woking Experi- 


* 
« 


ments on Fire. V. Claſs. Machines for Ing Experiments on 
Colours. VI Claſs. Machines for making electrical and magnetic Experi- 
ments. VII Claſs. Machines for making Experiments and Obſervations 
in Coſmography. VIII Claſs. Machines for making Experiments and 
Obſervations in Meteorology. Concluſion. The Conſtruction and Uſe of 
thoſe Machines in experimental Enquiries propoſed to be deſcribed. 

Plan of the Syſtem of the Moral World. Origin of Civil Society. 


The different Forms of Government. Particulars in which all Forms of 


- Government agree. Particular Circumſtances which ſhould modify the 

different Forms of Government. The Relations of which the different 
Forms of Government are ſuſceptible. The Eaws reſulting from the Na- 
ture, Circumſtances, and Relations of the different Forms of Government. 
Concluſion. That the moral Philoſopher does net 'employ his Time in 
| Speculations and Subtilities foreign to common Life. EE 


the Syſtem of the Phyſical World. Utility of the Study of che 


ight and 
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Inſtructions relative to \Engineers, Gentlemen of the Artillery, and in general to 


all Land Officers. | 
Neceſſity there was of erecting a Military 


Plan of the Military Art. 
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ſuit their reſp: 
their Talents. 
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School. Studies there purſued. Mathematicks, Mechanicks, Dynamicks, 


Military Architecture, Baliſtic, Pneumaticks, Hydraulicks, Hydraulic WD | 


Architecture, Draughting, Attack and Defence, Geography, Hiſtory, 


Tacticks, Order of the Studies, practical Operations, Gee Examinations: 
' Concluſion. Pointing out the mee, the young 


thoſe Studies. - 
Iſtructions relative to theſe intended for Trade. 
Plan of the Mercantile Arts. Dignity of the Trader. Bine ente in 


Point of Education he laboured under. The Neceſſity there was of erect- 
ing a Mercantile School. Studies there purſued. Mathematicks, Drawing, 


Geography, Hiſtory, Navigation, moral Philoſophy, Book-keeping, Com- 
poſition, practical Negociations: Concluſion. Recapitulation of the Ad- 


-vantages which the young Trader, and the Public in general, will reap from 


this Inſtitution 
Inſtructiens relative to Ship-builders, Sea Officers, and in general to all theſe 
concerned in the B ufineſs of the Sea. | 
Plan of the Naval Art. The Neceſſity there was of erecting a Marine 


School, where are taught naval Architecture, mechanical Navigation, the 


Art of Piloting, the different Branches of Drawing. 


"en relative to Architects, Painters, $ culptars, , Engravers, Clock 


Makers, &c. and in general to all Artiſts and Manufatturers.* 
Neceſſity there was of erecting a School of Mechanic Arts, where Artiſts 


ive "Profeſſions, a and collage: to-1 


receive the Inſtructions in Geometry, rb e Lee &c. which 
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| NUMERAL ARITHMETICK. - 4 


SHA 


0 / 3 of the general Principles of numeral Arithmetick, and f the 
Operations performed upon ſimple Numbers. e 


8 OM PUT ATION is either performed by Numbers, i or by cer- 
tain Signs and Symbols which have been contrived. for this purpoſe and 
found convenient; whence the Science of computing is divided into nume- _ 
ral and ſpecious Arithmetick. 


* 


| 
By Number is meant a Collection or Aſſemblage of Units, and Fs an What is 
Unit, an arbitrary Qwantity, which! is aſſumed t to be a Meaſure of other oy underſtood 0 
tities of the ſame Kind. 5 - 
It has been found neceſſary for the c convenience of S won” 
ploy different Kinds of Units. In Money the Units authoriſed by 1 The diffe- 
are the Pound ſterling, the Shilling, the Penny, and Farthing. In mea- rent kinds of 
 furing Lengths and Diſtances, the Units employed are the Fathom, the — . 
Foot, the lden and the Line, and ſeveral other Meaſures. that have been convenience 4 
introduced and confirmed by Cuſtom. In meaſuring of Areas and Surfaces, of trade. 
the ſquare Foot, the ſquare Inch, the ſquare Perch, the ſquare Acre are 
taken for Units : and when there is Occaſion of employing different Units — 
in order to render the Computation more eaſy; it is uſual to aſſume for | 
Units different Meaſures which have all the fame. Length -but different | 
| Breadths, from whence they take their different Denominations. In the | 
Menſuration of Solids, the Units employ'd are the cubick Fathom, the 
cubick-Foot, the cubick Inch, and different Solids which have all for Baſe | 
a ſquare Fathom but different Heights from which they take their different 
Deo nations , not to mention a Number of other Meaſures ſuch as the 
Gallon, the Buſhel, &c. which vary in the different Parts of the World. 
In fine, every Species of Things have their particular Unit whoſe Value 
has been fixed and authoriſed by Cuſtom or by Law. - | 
The Units we have ſpoke of, and all others to whatever Kind or Species — 
of Things they relate, are called concrete or applicate Units, and a Colle ee . 
uon or Aſſemblage of thoſe Units is * a. concrete Number. T here is & ris. . i 
2 


— 


8 * ELEMENTS OF 
nother Unit which denotes no Kind of Things in particular, and 1s aplicable 
td every Kind or Species of Things; this Unit is called ab/iraf or abſolute 
Unit and is expreſſed by the Word One or ence; and a Collection or Aſſem- 
blage of thoſe Units is called an 46ſfract Number. . 
| 11. 5 
The form- By adding an Unit to another Unit, a Number is formed which 1s called 
7 H . by adding 4o this Number a new - Unit there reſults the Number 
g which is called Tbree; and by continumg ia this manner to add new. 
Units to the Numbers already formed, there will reſult the following 
Numbers which are called Four, Five, Six, Seven, Eight, Nine, &c, As 
an Unit may be continually added to the Numbers that have been formed, let 
them be ever ſo great; it is manifeſt that the Series of Numbers has no Limits. 
Inconveni- If therefore each Number was to be expreſſed by a Word or particular 
. each Character, the Number of Words and Characters to be employed would be 
— dy infinite, and the Life of Man would ſcarce be ſuſficient to learn to reckon 
a partinlar up to Fifty Thouſand, which is a ſmall Number not only among the 
word 0 Numbers poſſible, but even among thoſe which are in daily Uſe : but the 
Computiſts obliged to employ great Numbers have found ont the Art 
of counting by means of a very few Words and Characters repeated ſeveral 
times; this Art is called Numeration. N | h 
| * | .. a | 
Character Thow there is an Infinity of different Numbers, the Compntifts hav 
conn found means of expreſſing them all with ten Characters differently com. 
rs. bined and repeated, viz, e | 
312 3 JJ Te 0 
Cypher „ One ; Two , Three, Four, Fire, Six , Seven, Eight-, Nine. 
It is eafy to pereeive that with thoſe ten Characters we can reckon from 
Nothing to Nine incluſively, without having recourſe to any new Arti- 
fice, but not further, if we have no other Unit but of the Species to be 
numbered. For Example, if the Units a Number conſiſts of are Feet, 
we can reckon from Nothing to nine Feet, but we cannot reckon beyond 
9 Feet, if we had no other Unit but the Foot. ne | 
The Computifts, therefore, beſides the Unit of the Species to be rec- 
Koned, which is called principle Unit, for Example, befides the Foot, 
Which in the foregoing Example is the principle Unit, have imagined o- 
thers which are called collective Units, which may be reckoned alſo from 
Nothing to Nine incluſively; and by help of thoſe collective Units, all 
poſſible Numbers arifing 6 the Repetition of the principle Unit may 
be expreſſed, in the manner we are going to explain. „ 
N Iv. | 
How the When the Number of principle Units do not exceed Nine, and conſe- 
3 quently may be expreſſed by one Character, this character is called Num- 


ters are dif ber-of Units of ſbe fuſt Degree, and the Place it ſtands in is called the firſt Place, 


or an Unit of the ſecond Degree, and may be reckoned from Nothing to pr * 
Nine, by means of the Characters o, I, 2, 3, 4, 5s 6, 7, 8, 9. | numbers, 


1 To diſtinguiſh the Character which repreſents a Number of thoſe new | 
Unit ef the ſecond Degree, from that which repreſents a Number of Units 

; of the firſt Degree; it is wrote down in the ſecond Place to the left Hand 

of the Figure, which repreſents a Number of Units of the firſt Degree, 

and which ſtands in the firſt Place, this firſt Place being always filled up 
with a Character repreſenting the Number of Units of the firſt Degree, as 

will appear by the following Examples. 7 


; 1 When the Number of Units to be reckoned conſiſts only of Tens 
bor of Units of the ſecond Degree, and do not exceed Nine, the Character 
cso) which repreſents no Number, is ſet down in the fi- Place, and 

by denoting that there are no Units of the firſt Degree remove, the Cha- 
racter which repreſents a Number of Units of the ſecond Degree into the 

ſecond Place, and determines it to repreſent a Number of this Kd of 
collective Units rather than any other. | 

Thus 10 repreſents Ten, 20 repreſents two Tens, or, Twenty, 30 three 

Tens, or, Thirty, 40 four Tens, or, Forty, 50 five Tens, or, Fifty, 60 fix 

Tens, or, Sixty, 70 ſeven Tens, or, Seventy, 80 eight Tens, or, Eighty, go 
nine 'Tens, or, Ninety. e | | | 

20 Since by writing down ſome one of the ten Characters o, 1, 2, 3, All cumbers 
A, 5, 6, 7, 8, , in the ſecond Place we can reckon a Number of Tens from noth- 
from Nothing to Nine, and by ſetting down ſome one of the ſame. Cha- n nine- 
= racers in the firſt Place we can reckon a Number of ſimple Units or of the — 
Vr Degree from Nothing to Nine; it is eaſy to perceive that we can by by help of 

"ME help of the two Characters which ſtand in the two firſt Places reckon ters e 
from Nothing to Ninety nine. . „ 
The Characters which ſtand in the ſecond Place, preſerve the Names gach charac- 
of the Numbers of Tens they repreſent, and thoſe which ſtand in the firſt ter retains 
Place retain the Names of the Numbers of ſimple Units they repreſent. ** 2 
The following Numbers however are to be excepted, 11, 12, 13, 14, 15, e — 
46, 17, 18, 19, which are read and wrote as follows, Eleven, Twelve, feats. - 
1 'Thirteen, Fourteen, Fiveteen, Sixteen, Seventeen, Eighteen, Nineteen, 
and not Ten-one, Ten-two, Ten-three, Ten-four, Ten-five, Ten-fix, Ten- 
FRE feven, Ten-eight, Ten-nine, as the general Rule would require. 


g : We. . . 
As ten Units of the firſt Degree form an Unit of the ſecond Degree, in 


bo 7 like manner ten Units of the ſecond Degree, form an Unit of the third pa ot 1g 


from noth- 


? ; . Degree, which is called a Hundred, and the Character which repreſents ing to nine 


* " a Number of thoſe new Units is ſet down in the third Place to the left Hand. hundred and 
8 -_ Thoſe new. Units of Hundreds may. be reckoned from Nothing to Nine, are revre.. © 
with the ſame Chara "IP - a | | 4 
1 a ers o, 1, 2, 3, 4, 5» 6, 7, 8, 9: and as we may-ſented by 


= 
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Of ten Units of the Firſt degree is formed a collective Unit called Ten poſed to re- 
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nother Unit which denotes no Kind of T hings in particular, and 18 aplicable 
to every Kind or Species of Things; this Unit is called ab/ira& or abſolute 
Unit and is expreſſed by the Word. One or once; and a Colſection or Aſſem- 


blage of thoſe. Units is called an ab/tra& Number. 

| TE | | 

The form By adding an Unit to another Unit, a Number is formed which is called 
| 3 Two; by adding to this Number a new Unit there reſults the Number 
which is called Tree; and by continuing in this manner to add new 
Dnits to the Numbers already formed, there will reſult the following 


Numbers which are called Four, Five, Six, Seven, Eight, Nine, &c. As 


an Unit may be continually added to the Numbers that have been formed, let 
them be ever ſo great; it is manifeſt that the Series of Numbers has no Limits. 
Inconveni- If therefore each Number was to be expreſſed by a Word or particular 
ency of ex- Character, the Number of Words and Characters to be employed would be 


. infinite, and the Life of Man would ſcarce be ſufficient to learn to reckon 


a partiular up to Fifty Thouſand, which is a ſmall Number not only among the 
wore" Numbers poſſible, but even among thoſe which are in daily Uſe : but the 
Computiſts obliged to employ great Numbers have found ont the Art 


times; this Art is called Numeration. 


of counting by means of a very few Words and Characters repeated ſeveral 


* 


. 5 


Character. Thow there is an Infinity of different Numbers, the Compntifts have | 


— 8 o found means of expreſſing them all with ten Characters differently com- 
numbers. bined and repeated, viz, | 
ER 3 3 3 6 7. 3 9. 
Cypher „ One, Two, Three, Four, Five, Six , Seven, Eight, Nine, | 
It is eaſy to pereeive that with thoſe ten Characters we can reckon from 


Nothing to Nine imctufively, without having recourſe to any new Arti- 


fice, but not further, if we have no other Unit but of the Species to be 
numbered. For Example, if the Units a Number conſiſts of are Feet, 
we can reckon from Nothing to nine Feet, but we cannot reckon beyond 
9 Feet, if we had no other Unit but the Foot. | 

The Computifts, therefore, befides the Unit of the Species to be rec- 


Koned, which is called principle Unit, for Example, befides the Foot, 


which in the foregoing Example is the principle Unit, have imagined o- 
thers which are called collective Units, which may be reckoned alſo from 
Nothing to Nine incluſively; and by help of thoſe collective Units, all 


poſſible Numbers arifing from the Repetition of the principle Unit may 


be expreſſed, in the manner we are going to explain. 


IV, 


* 


2 quently may be exprefſed by one Character, this character is called Num- 
ters ure di- ber-of Units of the forft Pegrer, and the Place it ſtands in is called the firſt Place, 


How the Wen the Number of principle Units do not exceed Nine, and conſe- 
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| NUMERAL ARITHMETICK | y-: 
Of ten Units of the Firſt degree is formed a collective Unit called Ten poſed te- 
or an Unit of the ſecond Degree, and may be reckoned from Nothing to — 7 
Nine, by means of the Characters o, 1, 2, 3, 4, 5, 6, 7, 8, 9. aumbers. 

To diſtinguiſh the Character which repreſents a Number of thoſe new 
Units. of the ſecond Degree, from that which repreſents a Number of Units 
of the firſt Degree; it is wrote down in the ſecond Place to the left Hand 
of the Figure, which repreſents a Number of Units of the firſt Degree, 
and which ſtands in the firſt Place, this firſt Place being always filled up 

with a Character repreſenting the Number of Units of the firſt Degree, as 
will appear by the following Examples. EL | 

1 When the Number of Units to be reckoned conſiſts only of Tens 
or of Units of the ſecond. Degree, and do not exceed Nine, the Character 
(o) which repreſents no Number, is ſet down in the fi- Place, and 
by denoting that there are no Units of the firſt Degree remove, the Cha- 


racer which repreſents a Number of Units of the ſecond Degree into the 


ſecond Place, and determines it to repreſent a Number of this Kd of 
collective Units rather than any other. | | = 
Thus 10 repreſents Ten, 20 repreſents two Tens, or, Twenty, 30 three 
Tens, or, Thirty, 40 four Tens, or, Forty, 50 five Tens, or, Fifty, 60 fix 
Tens, or, Sixty, 70 ſeven Tens, or, Seventy, 80 eight Tens, or, Eighty, go 
nine Tens, or, Ninety. 5 e 5 | 
29 Since by writing down ſome one of the ten Characters o, r, 2, 3, All numbers 
4, 5, 6, 7, 8, q, in the ſecond Place we can reckon a Number of Tens from noth- 
from Nothing to Nine, and by ſetting down ſome one of the ſame Cha- 18 te ns- 
racers in the firſt Place we can reckon a Number of /imple Units or of the ee hace 
- fir? Degree from Nothing to Nine; it is eaſy to perceive that we can by by help of 
| help of the two Characters which ſtand in the two firſt Places reckon {2 e 
from Nothing to Ninety nine. e | | 25 
The Characters which ſtand in the ſecond Place, preſerve the Names pach charac- 
of the Numbers of Tens they repreſent, and thoſe which ſtand in the firſt ter retains 
Place retain the Names of the Numbers of ſimple Units they repreſent. _ 3 
The following Numbers however are to be excepted, 11, 12, 13, 14, 15, wes — 
16, 17, 18, 19, which are read and wrote as follows, Eleven, Twelve, ſents. 
Thirteen, Fourteen, Fiveteen, Sixteen, Seventeen, Eighteen, Nineteen, 
and not Ten- one, Ten-two, 'Ten-three, 'Ten-four, Ten- five, Ten-fix, Ten- 
ſeven, Ten- eight, Ten-nine, as the general Rule would require. 


As ten Units of the firſt Degree form an Unit of the ſecond Degree, in 2 
like manner ten Da of rho form Degree, EY — of 4 third ee ag 
Degree, which is called a Hundred, and the Character which repreſents ing to nine 
a Number of thoſe new Units is ſet down in the third Place to the left Hand. bundred and 
T Thoſe new. Units of Hundreds may be reckoned from Nothing to Nine, — gas 
with the ſame Characters o, 1, 2, 3, 4, 5» 6, 7, 8, 9: and as we may ſented by 


< e 


4 | 9 "XL E MENT 80 oF: AM RE oe or 
_  helpofthree rellcita alſo with the ſame Characters the 'T ns b Nothing to We ud . 
charckerd. the ſimple Units from Nothing to Nine; it is manifeſt that we can by | 
help of the three Characters which ſtand in the three: firſt * Places, ck e, © 
vary Nothing to Nine Hundred: and Ninety Nine. „ 
Tbe different Numbers of Hundreds have no particular Namis, 5 they WA 1 
are ſpecified by the name Hundred, preceded by the Word which expreſſes 4 
their Number; thus, 100 is named one Hundred, 200 two Hundred, 30 
three Hundred, 400 four Hundred, $00! five Hundred, 600 ſix Hun- 
___dred, 700 ſeven. Hundred, 800 eight ndred, 900 nine Hundred. : 1 
How anum- The Reading of a Number repreſented by three Fi igures; is performed 2 
ber repre- by pronoincing firſt the Number of Hundreds repreſented by the Figure in =: 
N if the third Place; and afterwards the Names of the Numbers - repreſented  *!! 
raters is by the two Fi igures which' ſtand in the ſecond and firſt Places; for In- 7 
rend. ſtance 364 is pronounced three Hundred and Sixty Four, 576 five Hundred 
| and Seventy Six, 193 one Hundred and Ninety Three, 916 nine Hundred | 
n eight Hundred and Seven, 290 two agen an 8 0 TT = 
85 . 2 
All — Of ten Units 2 the third Degree called Hy is 1 an Unit ot _ 
poſlible are the fourth Degree, which is called a Thouſand. Thoſe new collective = = 
_ ee Units may be reckoned as the other collective Units already mentioned, 
| zu chart from Nothing to Nine, and the Fi igure which repreſents a Number of them _ ; 
"San ftp 15 always ſet down in the fourth Place to the Left of the Hundred. 
BBB y continuing in this Manner to form new collective Units each con- = 
ſſiſting of ten Units of » the Degree that immediately precedes ; there will "x 
_ reſult a Progreſſion of Units decuple of each other, by means of which it nn 
zs eaſy4to.perceivethat all poſſible Numbers however great 1 be 757 „ 
b | ſented; employing. only the ten Characters o, 1, 2, 3, 4 5, 6, 7, 8, _ 
Every three. The three Figures which occupy the three firſt Places, have 4 05 ! I ; 
== Er cular Names, that Which ſtands in the 'firſt Place is called ſimple U. 1 
| d peri- nite, wat in the ſecond, Tens, and that in the third Hundreds, par- 4 
ticular Names might in like manner be given to the Units of higher De- 1 
F ve the. Srees, but as thoſe, new Names would burthen the Memory to no purpoſe;' -* 
OO $E + + © £2 and'it would be too difficult to pronounce a great Number of Words in a 4 
EF. ©. +. certain. Order; the ſame Names of Unite, Tens, Hundreds are given to 1 
8 the three following Figures which ſtand in the fourth, fifth and fixth- 
. Places, and to every three ſucceeding Figures: 80 fue if the Figure? 
ed into Periods of cs on 


which repreſent a great Number, be parted or diſtingui 
 tliree- Figures an each Period; beginning at the Tight Hand; each Period 
"i Will eontain a Number of Unite in its firſt Place to che right Hand, a Num- 
ber of Tens in its ſecond Place; and a Number of Hundreds in its third 
| Place, except the laſt Period Which will not always conſiſt of three Fi. 
Sures. but ſome times only of One or of TWO; viz. a Noa poker of * mts, 15 


r of - gk EIN, ee 


* 


Tee diſtinguiſhthoſe Periods one from: Gd acer e 


given to the firſt Figure of each of e from which. the P Wo - 


takes its Denomination. - a of : 1 
The firſt Figure of the fut N 4s alle e ines 2 tn 
Period which alſo contains the Tens and ee of ſimple Units is call. 


ed tbe Period of ſimple Units. 


The firſt Figure of the ſecond. Pe ied is 1 Thouſands, ad this 
ſecond Period which contains alſo the: A and Hundreds of Thouſands, 


bs called the Period of Thouſands. + 15 3 7 


The firſt Figure of the third Period, is 1 caibd Millions, pos. this Period AY, 
hol contains alſo the 'Tens and Hundreds of Millions, is called the Period.” 52 


27 Milliont. 


After the Period of Millions comes that of Billions, of 7 lions, * | 
adrillions, of Quintillions,. of Sextillions, of Septilliont, of - 'Ociillions, 
Nonillions, of Ins &C, each of whichoontath a U Ws Ten, 


| and Hundreds. 


Jo read e propoſed-N amber; we ki no mere pag RY than Rule for 


5 to divide it by Commas into Periods of three Characters each, beginning reading aay 
at the right Hand, and read one after another, beginning at the left Hand, the 32 4 


N repreſented by each Period, exprefiing the ames of each Period. 
rs 2 © we 
In onder to thew at one View the Names of the ciiferone Periods of 2 The number | 


ir great Number repreſented by Figures, with the Names of the Figures of of grains of 


each Period, we ſhall take for Example the Number of Grains of Sand that NE Cain 


Archimedes found would form a Globe as big as the Earth, ſuppoſ- a globe as 


ing that ten. Grains of Sand were,in Length equal tothe Diameterofa Seed 2 th — 
of Coriander: that Ten Seeds of Coriander, were i in Le o an Inch ; that noſed 25 a 


twelve Inches, make a Foot; five Feet, a geometrical Pace; three 1 example. 
ſand Paces, a League; that the Diameter of the · Earth is two Thouſand 


eight Hundred and Sixty four Leagues; and that the Circumference of a 


| Circle is equal to three tumes its Diameter, Ding with the ſeventh. 


Part of this Diameter. | Wo 
This Number of Grains of Sand, with Fr Names ods its Periods and FO 
the Names af the Places of each Period is as follows... 4 Bo : 
4 E - | | 3 7 . 2 1 
5 Rey 1 1 : 4 3 s 5 8 8 2 8 73 * 4 IE +. - 8 . = 4 5 5 
© <5 e+e > lo  _- ee es : BM cet Se 
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= This in Number is thus pronounced: hi one Nonillimy, + 
ſeven hundred and ſixty four Oillions, five hundred and forty ' fix Sep- 
 Zillions, eight hundred and nine Sextillions, two. hundred and ſeventy | 
— eight hundred and fifty ſeven Quadrilliont, one hundred and 

two Trilliens, eight hundred and a ſeven Billions, one hundred 
and forty two Millions, eight hundred and fifty ſeven 1 7 mg 
PIE and forty 'Two Units or Grains of. , Sond. | j « 
| e | 7 
of decimal Having fufficiently Explained how from the various e and 
8 Repetitions of the ten Characters, o, 1, 2, 3» 4» 5, 6, 7, 8, 9, all 
poſſible Numbers conſiſting. of ſimple Units of every Denomination may 
be repreſented : we ſhall proceed to explain how by means of the ſame 
Characters all Numbers conſiſting-of Units that are only the tenth the - 
hundreth or thouſanth Part, &c. of a nN Unit conſidered 28 the | 
principle Unit are repreſented. | 
vince ten Units of any particular Order form an Unit of an he Or- 
dͥ̃eer, belonging to the next Place to the Left; it is manifeſt that if we 
divide an Unit of any degree into ten equal Parts, thoſe Parts will be ten 
Units of a lower. Degree, belonging to the next Place to the right Hand. 
For Example, if ns Trade 3 Hundred which is an Unit of the third Degree, 
belonging to the third Place, into ten equal Parts; there will reſult Tens 
or Units of the ſecond Degree, belonging to the ſecond Place: and if we 
divide again one of thoſe new Units into ten equal Parts, there will reſult 
- ſimple Units, or Units of the firſt De _ which ſhould ſtand. in the firſt 
Place. Whence by dividing continually the Units into ten equal Parts ; 
there continually reſults new Units ſubdeguple or ten times leſs, and the 
Figures which repreſent a Number of them, ſtand in places more and more 
removed'towards the right Hand, until we come to the ſimple Units which 
ſtand in the firſt Place; but there is n. 1 this Dwiſion _ not 


be continued further on. 
T 3 


T he Figures landing in Places 8 removed 5 the als 
1 Hand, repreſenting a ngin Ph of Units ſubdecuple of thoſe of the preced- 
after the ing Figures : : if a Comma be prefixed to the Figure repreſenting the prin- 
"one os ciple Units, to ag the Place of thoſe Units, and if any Number of 
W Figures be wrote after the Comma towards. the right Hand; as in this 

Number 376, 347892; it is eaſy to perceive that the Fi res 576 to: the 
| left Hand of the ſeparating Point, repreſents a Number of principle Units; 
and that the other Figures 347892 to the right Hand, reckon Units 10 
mueh the more ſubdecuple of the principle Unit, as they are more remov- 
ed to the right Hand fram the ſeparating paint, For the Character which 
ſtands next the Comma to the right Hand, or next the Character 6 which 
ee — 1 will repreſent Unis Oe * ten times leſs 
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_ than thoſe repreſented by the Character 5, whence the Units of this Num | 
EI © 8 will bets pr a ſimple Unit, and are called Teatbe, Ih a 
I & like manher the Character 4 which ſtands next to the Character „ 
a _ right Hand: repreſents a number of Units that are the tenth Parts of thoſe 
5 of the Figure 3, and conſequently will be the tenth Parts of a "Tenth, or 
| = the hundreth Parts of the principle Unit, and for this reaſon are called 
Hundretbe. In fine the Units repreſented by the following Characters | 
5892 to the right Hand, becoming continually ſubdecuple, will be the 
Thouſandth, the ten Thouſandth, the hundred Thouſandth, the Millionth, 
Part, &c. of the principle Unit, and for this Reaſon are called T hou/andths, 
ten Thouſandths, bundred 'Thouſandths, Millionths, as in the S an 


: 


Example. „ . (LAZY 1 
All the A which are tothe right Hand & 3 = 8 
of the ſimple Units, whoſe Place is diftinguiſh- 5 8 
ed by a Comma, are called decimal Figuren... 
and their Units are called decimal Parts or dci ns? 
mal Fraftions, == e 
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It is now eaſy to perceive how Numbers whoſe expreſſion contain deci= - 
mal Figures are read. Let for Example 576, 347892 be propoſed to be real. 
- 19 This Number may be conſidered as conmſiſting of two Parts, the Firft mann = 
firſt part repreſented by the Figures 576 to the left | of the ſeparat- wy RS 508 
ing Point, reckon ſimple Units, and conſequently may be wrote thus, 576 ba „ 
ſimple Units, as to the ſecond Part repreſented by the Figures 347892 to the containing 
right Hand of the ſeparating Point, the firſt Figure 2 expreſſe Millionths, des. 1 
and Ten of thoſe Units forming an Unit of the following Figure 9 to the left * wy 
Hand, this Figure g expreſſes Ninety Millionths, in like manner ten Units 1255 
ſimilar to thoſe of the , that is ten Tens or one hundred Millionths form 
an Unit of the Figure 8 which follows to the left Hand, conſequently this 
Figure $ expreſſes eight hundred Millionths, and proceeding in this man- 
ner it will appear that the ſecond Part of the propoſed Number 347892 
reckon Millionths, conſequently may be. wrote thus 347892 Miltionths, 
wherefore the entire Number repreſented by (576, 347892) may be 
read as follows, five Hundred and - Seventy. fix Units, and three Hundred. 
and Favs feven 2 eight Hundred eee Witten 
2. Since the Units of the propoſed Number 376, 38g cominunily Second mays 
decuples of one another, proceeding from the 2 1 . the Left, and Ns 
the Units of the loweſt Degree are AMilionths ; it is eafy to perecive that numbers 
the entire Number may be conſidered as conſriting of M only; con- containing 
 ſequently may be read thus; foe Hundred and ſeventy fix Millions three Han- . 
dred and forty ſeven Thouſand; eight Hundred and ninety two Millions, - 
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3 1 mn what a e whence i itappears that a Number that contains decimal Viljurees 
res differs from one that has none, only becauſe they confiſt of different Units. 
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taining deci- 


mal fgures The Number which has no decimal Figures confiſts of abſolute Units, or 
| differs from of Units of the Species to be reckoned; The Number which has decimak 


one that has 


ae Figures conſiſts of Units which are only Parts of abſolute Unit or of the 
bt Unit of the Species to be reckoned ;* and it is the Place of the Comma 


_ . which determines what Parts of the whole Unit che propoſed Number con- 


its of, for Example, if there are One, Two: os Three. . or Six 
decimal Figures after the Comma, the Number wilt confift of Tenths or 


| Hundreths or Thouſandths . . . or Millionths of the principle Unit. 
Third man- 30 Laſtly when Numbers contain decimal Figures, the Part to the left 
ner of ex- Hand of the ſeparating Point may be firſt read, and afterwards the Values 
- prefling of all the decimal Figures expreſſed one after another, with the Names of 


"> numbers 


- containing their particular Units, for Example, the Number 556, 347892 may be read: 

— decimal f- thus, five Hundred and Seventy ſix integer Units, and three Tenths, four 

gue. Hundreths, ſeven Thouſandths, eight,” 0 RN, © nine bundred Thou 
nn, and two Miliantbo. - 

| x T. 

How aum. A Number very often has neither principle Units nor e e 8 
Ag _ but only decimal Figures: and as the Value of decimal Figures can only be: 
8 known from the Places they ſtand in; the Place of the ſimple Units is diſtin- 
parts are guiſhed by. a 9 4 to which. a Comma is prefixed: denoting that 
repreſented. there ate no ſimp 

Jecimal Figures. 


I „Bite, but alſo has no Tenths, nor Hundredths, nor ouſandths, & c. and 
bas decimal Figures of an inferior Denomination. In this Caſe in order to 


aſſign to each decimal Figure its proper Place, not only the Place of the 


Gmple Units is filled up with a Cypher to which a Comma is prefixed, but 
alſo rem are wrote in the Places oß the decimal Figures that are want- 
; ſo that a Number which has neither Units nor 'Tenths, nor Hun- 
dreths „ nor Thouſandths, will have four Cyphers to the 9 n. 

F or Example, (0 ».0002Bg) will repreſent 289 Millionths. 

e 0 pa — 

Eyphers an- Since the Comma prefixed to a Figure determines it-to e if fim ole 
nexed to the Units; we. may annex as many Cyphers as we pleaſe to the right Hand of 


Fight hand the Comma, without altering the Number to the right Hand of which 


"of the com- 


mz or fepa- thoſe: Cypbers have been anhexed. For Example, the number 389 wilt 


rating point not be altered by writing it thus (389, 000) and will always repreſent 


of Ts, IT three Hundred and Eighty nine ſimple Units; becauſe the C ers annexed : 
Us value, after the Comma, denote that there are no Tents, no- the, ne 


f n nor any Kind of. decimal Oe 5 


* 
„ 22 L 


Units, and that all the RI) to the Ugh! Hard are 
It likewiſe often Happens, that's a Number not o "7 has no rindpls N 
5 
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5 B 42 b exing Cyphe Fey to the right” Hand of the Comma of a Number, 1 | 5 i Lt 9 
the Denomination of gk cy. 09 Unit may be changed, or it may bere= 
= duced into ſmaller Units. For Example, if it was required to reduce the 
VDunits of the Number 389 into Hundreths ; by writing it thus (389, oo) it 
| will repreſent 38900 Hundreths, If it be required to reduce the Units of NR 
this Number into ten Thouſandths by writing it thus (389, 0000) it will 
repreſent 3890000 ten Thauſandths, and ſo of any other Transformation. 
After having ſhewn how to read and write Numbers, we now proceed The diffe- 
to explain the Operations performed upon them, which are reduced to the — 
Four following. Addition, Subtraclion, Multiplication and Diviſion; all ed on num- i 
the other more complicated Operations being only different Combinations e me cM 
of thoſe, We may perform thoſe Os either upon Numbers dition fub- © OY 


that have only one principle Unit, as the Pound ſterling, the Foot, or any traction 
other Unit nel at Will, or eſtabliſned by Cuſtom, which are called 3 
ſimple Numbers; or upon Numbers which have ſeveral principle Units, Goa. | 
fach as 5 Pounds 6 Shillings and 8 Pence, 3 Fathoms 4 Feet 9 Inches, &c. | 
which are called compound Numbers. We ſhall treat of the Addition, 0 
Subtraction, Multiplication and Diviſion of ſimple Numbers in this 


Chapter. 4 
: "> „ 


7 Addition is an Operation by which a Number is found equal to the Sum 
of ſeveral Numbers. | „ VV 
Aas all the Units of the fame Number ſhould be of the ſame Species, The num- 
it is eaſy to perceive that the Numbers to be added together in order to form ders to be 
but one, ſhould conſiſt of Units of the ſame Species, or that may be reduc- cn of 
x <dto Units of the ſame Species. For Example, if it was required to add units of the 
| pang 20 Pounds ſterling, 50 Horſes, and 60 Feet, three Numbers con- fame ſpecies, 
fiſting of Units of different Sede, and not reducible to the ſame Species 
of Units, we are not ſimply to add together 20, 50, and 60, their Units 
deing different, but ſet them down ſeparately with their particular Deno- 
"8 manations. In like manner if it was required to add together 2 Fathoms, 5 Feet 
and 8 Inches, we are not ſimply to add together 2, 5, and 8, their Units 

3H being different. However as thoſe different Units are reducible to the ſame 
- Species, ſince 2 Fathoms are equal to 144 Inches, 5 Feet are equal to 60 
Inches, and that a Number may be found equal to the three Numbers 144 e 
Inches, 60 Inches, 8 Inches, we can add together 2 Fathoms, 5 Feet, 8 | ? 
Inches, fo that their Sum ſhall form but one Number, by ing all 2 
the Units to the ſame Species "2 ee, 

3 5 VF „„ | | 
3 To perform this Operation more commodiouſly, the Computiſts place Proceſs of IG 
de Numbers to be added together under one another, in fuck 2 Manner ee | 
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2780 45 . write the firſt + Boa of Units of this Sum. e the Liese and the 


—_— +. -- er . 
1 They perform the ſame Operation upon All hs 8 until they 


11 the Figures of this laſt Column with that or thoſe that have been re- 
5 1 tad from dhe preceding Column; ty fer down the Sum * this Goluma 
7 under the Line. 
This Operation being 1 al the Fi 7 gures under. the 4 TOR repre- 
ſent the Sum of all the Numbers propoſed to be added yahother. ie ita 
* 4 . 
Lot the fwo . 34 56 and 4231 be given to be added together. 
Firft exam: Thoſe two Numbers being diſpoſed as in the Margin, to A 


„ determine on after anther the Figures af their Sum, 1 Ne- 
integers. cred thus | 
- 12:1 add together the two Fꝶures 6 and 1 which formihe P 
| "firſt Column: and as their Sum is Seven, which may be re- 
preſented by the one Figure 7x 21 een 7 under the Line, 


8 


* 


PPP ROY the ſame Degree ſtand in the ſame vertical 88 0 


acer being of the ſame Species of thoſe of the ſecond Column, is retained 


come to the laſt which contains the Figures of the higheſt Degree ; : and ad- 


n this firſt Column, 
220 f afterwards add the iges 5 and 3 of the ſeoond: De- 7: 
gre, which form the ſecond Geben and as their Sum is Egbt, which 

may be repreſented x aa one Fi Sure 8. I {et Gon 8 viganthe Lang, in 
this A bond! Column. 
3 In like Manner Ladd gelber the Figures 550 2 of the third Con 


wy 


ox | 8 2 mk 
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0 VI A mano bur : 
a | + 6) yi 5 


down 6 under the Line, in this third Column. bf 
4“ FinallyTadd together the Figures 3 and 4-of dhe fourth god laſt Cos 


der the Line, in this third Column. 

The Operation being finiſhed 3 T Find under the Line the four Figures 
163 $7, which repreſents the Number ſeven ; Thouſand ſix Hundred, : and 
eighty Seven, to which amounts the two N umbers 5 3456 and 8 3! which 


woof eee e, 


lamm: and as their Sum may be repreſented by the one Fi igure 6.3 I fet - 


<Q A en 


W 


ljunm: and their Sum being ee eee 7's 1 W un. 
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| NUMERAL MR UPRMETICE. ls 
unn; 3 NG ee oils, Jo, 25m Te 4 i d 05 
ichs | Le the fi our Number 87 | 6, 4599) 13 e 75 gti, Second ex- 
s del Numbers being dilpoted as in the e poten 118874 W 
es 54 1 2 . anothery, the e of this Sum, proceed 9 56 integers. 3 
as follows. Fg 
ſe — 1 laddt together the Winden a! by the Vie ures 459 5 
ot hank which form 5 firſt Column, ſaying : 4 and 6. is 10, and s 1:5 Z FM 
ca esc, and. 5 is 24 2 this Sum 24, 4s. repreſented by twp. Fi- 
nd the 5 gures, viz. 10 ich repre ſents. 4 nits, and by 2 Which ez 7 5304 - 
ined _ preſents 2 Tens, | write. 4 in, the firſt Column under the Line, and Eretain 
0 Y the 2 or rather the two Tens to add them to the four Numbers of Tens | 
1 which form the fecond Column, 
— ey 20. I next add the Numbers of the ſecond Column, whaſe Figures conſiſt 
Hf Units of 1 ſecond Degree, wy, ſaying : 2 I retained from the firit Column 
oh a ad? v2 d.s e 5 is 19, and 1 is 20. As this Sum 20 
, 5555 | It Duits of k 6 egree, is repreſented. by t two Figures, viz. 2 which 
15 | in | denotes, that there are — Tens of the Units of the ſecond Degree, which 
- rept | | form 2 Units of the third Column or of the third Degree, and o which 
MF denotes that there are no Units of the ſecond Degree that were to be 
e added; I write o under the ſecond Column, and L retain 2 to. add it. with 
21g; rage F the Figures of the third Column. 
2.2 » 30. In like manner I add together the Figures of the third Coluun 
8 5 ft AF which repreſent Numbers conſiſting of Units of the third Degree, ſaying : : \ 
3 8 2 1 retained from the ſecond Column and 8is. 10, and-g.is 19, and 4 1s 2 
Wen 5 23. As this Number * repreſented by two Figures, viz. by 3 which ä 
» 3: denotes three Units of Column which were added, and by 2 which ah — > 
4 - repreſents two 'Tens of Units of the fame Column, or two Units ef the N 
af ri 7 fourth Column, I ſet down 3 under the Line in the third Column, and E 
5 04 retain 2 to add i it with the fourth Column which follows. a 
55 WBI 4. Finally I add ge the Figures. of the fourth Column bet 2456 bel 
Ling, ar 1 ſaying 2 that I retained and 5, is 7, and g is 16. This Sum n. 
8. ſiſting of Vale ſimilar to thoſe of the fourth Column, and of an Unit of Do 
thir 2 = a higher Degree, I write 6 under the Line in the fourth Column. As to 
$6.3 | che Unit of a higher Degree, I would have retained i it, if there, was another TOs 4 
Co⸗ Column of Figures to pt added, but as. there is not, : N 1 to . 1 
a laſt the left Hand of the 35, chat is I ſet down. imply . | 
vrite 7 un⸗ 1 | f XVII. 1 3 
3 Is the four Numbers (5874; 4631 6872, „) the + _ 
ur Figures . three laſt of which contain 2 Kare, 3 595 6 * 42 e 0 4 rs „ 8 
andred n , 1 {ct down all thoſe Numer one under another, fo thatthe Figures of nee,, 
231 W the ſimple Units are in the ſame Column, and all the other 45 af containit 
LE the ſame Denomination are likewiſe in the fame Cala ons unde An- 2 
(here * es if Fi Figures: in this Manner. oh 


$3 W 
e 5 


* r — > : * } 


** n 6 or | 
10. I add the Figures of the loweſt Degree, which _ 5874. 


© are Thouſandthr ;and asthere are but 2 Thouſandtbe, I'fet 4631 2 
don 2 under the Line in the Column of Thouſandths, = 4 "7 ; 


ing Column which is that of the Hundreth and as 979775 
their Sum g is repreſented by one Figure, I ſet down 
this Figure g in this Column under the Line. 2 717 5,692 10 


39. I add together the Figures of the Column of 7 * ſaying 5 and 
4is 11, and 5 is 16; and as this Sum 16 conſiſts of 6 Units of the De- 
gree of this Colnmn, and of a Ten which makes an Unit of the follow- 

ng Column; I ſet down 6 under this Column and I retain i to add it to 


þ — following Column. 


; lied) Addibe the Ugit'T'reitied” ts the . ; of the Column of the 
ſimple or principle Units, I find 1 5, that is, 5 Units of this Column, and 1 


Ten which makes an Unit of the followi Cots ; whence I write 5 un- 
der this Column, and I retain 1 for the following Colum. 


_ - 50, Adding in like Manner the Unit I retained to the Column of Tens, | 
| I find 27, that is 7, Units of this Column, and 2 Tens which make two 


Vnits of the following Column: whence I write 7, under this Column 
and I retain 2 for the following Column, 
| I perform the ſame Operation upon the other ee and I find 
or 75 90 for the Sum of the four propoſed Numbers. 
„ 


The Numbers (58743 46317523 6872, 443 VER which » were 


Lanes of given to be added together in the laſt Example, m 


decimal 


ight be changed, or re- 


numbers duced fo as to have principal Units of the ſame Ben ination: and as one 
evo wb of thoſe Numbers (4631, 752) repreſents 4631 ſimple Units and 752 


neous Thouſandths, or 4631752 Thouſandths ; the other Numbers may be Teduc- 

nits of the ed ſo as to have 'Thouſandths for their principal Units : then the Number 

; fame denc- 58 4 which repreſents 5874 ſimple Units, will become 5874000 7. wo 
ne. 2 the Number (68 725 705 will become 68 72440 Thou GN, and 

| the Number (9797, 5) will become 9797500 Thouſandths. All the propoſ- 

ed Numbers being reduced fo as to confiſt of Units the ſame Denventia. 

tion, they may be added as Numbers that have no decimal Figures, and 


their Suk will be 21175692 Theuſandths : to ſuppreſs afterwards the Word 
T eit ſuffices to ſet down the ſame Sum thus2717 5,692 (Art. x). 


72 XIX. 


The Operation by which one Quantity i is deducted or taken from ano- 


* e ln, is called Subtraction. 


from the o- The Quantity therefore to be deducted muſt be contained in | the Quantity : 


ore, from which it is to be deducted; and conſequently thoſe two Qyanttice 
pecies, Mult be of the ſame Species, or reducible to the bong Species, „ ad) 


29, I add together the Figures 5 and 4 of the follow i J 2544 1a 
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| To rform this Operation more commodiouſly, the Computiſts ſet 1 Proceſs of 
the Number to be deducted under the Number from which it is to be ſubtraBtion. 5 
deducted, placing the Units of the one under the Units of the other, te 2 
Tens under the Tens, the Hundreds under the Hundreds, &c. and the - 46 50 
decimal Figures of the ſame Species under one another. The two Num. 
bers being thus diſpoſed, a Line is drawn to ſeparate them from their dif- " 


ference ſought. + 


4 as 


Denomination under one another, and having drawn a Line as in of integers. 
the Margin, to determine the Figures of the Remainder one af- 4 6 6 


ter 1 I proceed as follows. 
| inning at the place of Units, I fay : if from 6 be taken = 


t il remain 2s which I ſet down under the Line in the T4 EY £/ OS 


Units Place. 
29. Then proceeding to the W Rank, 1 ſay: If from 6 be n 


2, there will remain 4 which I ſet down in the ſecond Rank. 8 
30. Laſtly, being come to the laſt Rank, in which are the Figures of the 
bigheſt Degree, I ſay: if from 4 be taken 3, there will remain x which! 4 
write under the Line in the third Rank, and the Operation: RY E Es 
the Remainder of the SubtraQion will therefore be 14a. | 7 


1 Then the Subtraction is performed by Parts, each lower Figure is deducted 

v7 from the Figure that ſtands over it, beginning at the right Hand, and pro- 

3 ceeding from the Figures of the loweſt Degree to thoſe which are of a 5 

þ higher Degree. But in this Operation, there occur three Caſes; either | 

: the lower Figure is leſs than the Figure that ſtands over it, or equal or 

N Greater. 

+ If the lower Figquee is lefs than the Figure that ſands over it, the . 
9 mer may be eaſily deducted from the Latter, and there will be a Pant e 9 
'Þ which i is ſet down under the Line. ä 
1 If the lower Figure is equal to the Figure that ſtands over FI the - 9 
= former may alſo be deduQted from the latter, and as there is no Remainder, Fr | 
1 a Cypher is ſet down under the Line for the remainder. EIA 

* Finally if the lower Figure is greater than the Figure that ſtands over 

9 it, the Former cannot be deducted from the Latter without a Preparation 7 
$B which conſiſts in borrowing an Unit from the Figure of an higher D | . 
1 and adding it to the Figure which is too Small: then wes, Figure Gord 1 
4 which an Unit is borrowed is accounted one Leſs than it is, and this Unit ai. 
Y being carried to a Place one Degree lower, is accounted as Ten, conſe- "2 
3 quently the Figure which is too Small being increaſed by Ten, the Figure 
1 — under it which cannot ri 9 may be deducted an t. 

4 - Ln it be required to e 324 from 466. „ 
3 © Having ſet down the Number to be deduQted under the Nembee: > Pirſtexam» 

1 from which it is to be deducted, placing the Figures of the ſame * e of the 

23 - ſubtraction 
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Second ex- 
ample of 
the ſubtrac- 
tion of inte- 
gers. 


Third exam 
le of the 

ſubtraction 

of integers. 


of the upper Number an Unit, to add its Value to 8 which is too : 
Small and as this Unit carried to the Place of 8 becomes 10, 1 5 9 
from 18 I deduct 9, and there remains , which L ſet down _ 
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. it be * Pa 3 51 from, Bs " NON 2 1 


# Having placed the Numbers as in the Margin. x "> wt 


the Figures of the loweſt Degree, I ſay; if from 2 be taken 1, there . : 5 wy 2 


will remain x which I write under the Line. 5 


20. Proceeding to the following rank, 1 ſay: if from gh taken ve. 5 Fg 
5, there will nothing remain; whence I ſet down a | 


der the Line to denote that the Figures repreſenting 'T'ens . 


ypher un- 301 


Subtracted one from the other, there is no Remainder. 


30. Laſtly proceeding to the third Rank in which there is no Figure to 


hs! deducted, I fay : if from 5 be taken Nothing, there will remain 5 , 


whence I ſet down 5 for the Remainder under the Line in this third Rank. 


'The g e SY finiſhed, the Remainder required will be 501. 
1. . 
| Let it be required to deduct 599 from 758. Hoey ca a4tt; 
Having diſpoſed the Figures of the ſame Denomination under 


one another, as in the Margin, I proceed as follows. Ee; we 
1. Beginning by the Figures of the loweſt Order, becauſe 9 758 


cannot be deducted from 8, I take from the following Figure (5) 599 


under the Line in the firſt Place. 


** 


20. Proceeding to the following Rank in Which 5 is reduced to. 4s on 
account of the Unit that has been taken from it, and which is denoted by 


a Point ſet over it, becauſe g cannot be deduQted from 4, I take an Unit from 
the following Figure (7) bf the upper Number to add its Value to the 4 


from which 9 is to be deducted, and as this Unit of the third Degree 


carried to an inferior Rank becomes 10, from 14 I deduẽt 9, and tens re- 
mains 5 which I ſet down under the Line. 

3ꝗꝗ9ꝙ. Proceeding to the Rank of Hundreds in which 7 is reduced t to 6, on 
account of the Unit which has been taken from it, and which is de- 
noted by a Point ſet over it; L ſay if from 6 be taken 5 there will remain 
| be which I ſet down WOE * Lane 3 3 whanek. the n _— will 
„ | 


X XI 11. 


It often 1 105 that the 3 from which an Da is to be borrowed Y 


is a Cypher, which: repreſenting nothing, can lend nothing; in this Caſe 
the Computiſts borrow from the 3 tothe left Hard of the C Pher or 


Cyphers, if there are ſeveral; and leaving 9.above each of thoſe Cyphers, 


reſerve only Ten to add it to the e en which, the one we 
. N Th ; 


— - 
_ ww 4 
p: * > IG » 


Z 
£8 
I 
WY 
by 
©, 
i $5 
6 5 


co 

"3 
A 
2 
KY 
py *u 
4% 

F. 8 | 
"EN 
* 5 
. AE 4 
3,4 
B 
. 
2 
7,0 
3 
LE, 
82 
627 1 
J . 

1 
. 
i 
* 

— = 
6! 

7 We 

2200 " 

„ p 
* 7 * 
FM 
_ 
A by. 

. 
Py 
1 
a Os 
8 » 7 
1 
+. 

2 
ow. 
© + fe $ 
WF. 
1 
3 
8 1 3 
ay 

0 „ 
. ©, 
. F. 
_ 
e 
1 
5 
1 
97 
, 
on 
- %4Y 
'J * 1 
12 ; 

1 5 
1 
y . # 
F 

3 

* 

= 0 

„ 

RY q . 

28 

#* 

- 3:4 

— 

4 

E 

* 

A 

I 

28 

LY 
+ & 
7, - 

#7 

5 

1 

4 

5 

1 

* 2 

42 

7 75 
= 

"4 
50 
- 

1 | 
þ B 7 
_ 
\ 
> - 
-, 4 


$7 
* 
>, 
1 
5 
1 
** 
1 
Rh”. 
. 
("9p 
Fa 
4. 
5 
1 
1 
1 
* 5 
Rt 
1 


S 
9 


e 
a 


22 


— wf 2am 
* 2 . 

2. $1 DA get 
1 


4 
3 
z 
2 
3 


— — — _ 1 _ X 83 4 R —_— n — . 8 ” 1 — —B CONES ICE OCD. 242 3 EIA — 
r 2 rea 5 0 Ms — 3 ans 4 . AAA N EE by r > 
VOIR” * 3 S — Pn VO ts ig A * P ** L 2p bo re rd a AR Eh. OS _ ATE 8 N OIL RN TOS 0 
22 à(l᷑I U ᷑ T 
W 8 * : 3 . PREY W Ns AION Os 8 5 
Y 3 .. * » 


IF "I > WO 8 
Es Fo ot act 


2 SETS 2 SR N 
* = — oe £ 


— 


2 2 
8 PER, 


the Figure which is next to 4, to the left Hand, nor from the fol- 


3 £ N 1 2 WE I q 0 + ea aa 
, * oy RI IN r 4 l N e 5 8 S . > Is, Jo ICS PS "Re rt =; hom. RET, ; 
n So eee ee eee eee U n as "x £ OW * 8 5 "Rt, n 0 RRR * n -< 
— tos * — . — * 0 1 8 "1 * * 1 Fe „ 4 o * "a br og ot 3 
A KA TT. . eee DES OUS . \ * pag, Sams 2 . WEE, fe 4 1 e 3 
4 2 2 A k 4 5 


- 14 ++ 4 
* 2 3 
|. dare; _ Ie 
2 2 r e 
2 * r : p 


7 * } = TE "a 7 * By 9 * A * 8 * ol 7 & * 1 1 1 * g Pe. * A & AM * 
5 * a 7 * A DS, TE No YE 3 — 9 1 * 7 " 3 by 2 9 r * 9 
$ . 1 r e ry #5 - 7 * KCL, . A * : N b N * e 1 1 7 
l 5 8 3 n , * SES L. r. WS 2 7 d 5 * 1 Pe A x S . 

* . 3 . - A * . l : g 9 pe BT 41 > "2 > PI x. * 75 * * : ab 0%) 2 Ae 4 

# : : e * * 9 J g rr, 2 . 7 N / % ; „ 3 i 

* * 4 ; 5 p =o 4 Y . 4 x 
73.7 : ” 
c 2 * - » 


AY 8 NUMERAL ARITHMETICE. 


og Ker it be n to Adee A" from 1004. „„ 
- Havini Soft thi F Fares in the Hangin, I proceed as fol- 700 4 — 45 


15008 in. 3 6 cannot betaken from 4 andl cannot Borrow from 86 the ſubtrac-· 
5 5 4 tion of inte- 


lowing, becauſe they are two Cyphers; 1 borrow an Unit from 1 5 1 8 8er. 
the 7 which is next to thoſe Cyphers. But as an Unit borrowed 
from the 7 is equavalent to 100 Tens, and only one Ten is required to 

add it to the 4 from which 6 is to be deducted, I leave above the Cyphers 
which are in the third and fecond Places the two Figures 99 which repre- 

ſent 99 Tens: and adding the Ten to 41 deduQ 6 from 14, and there fe- 
mains 8 which I ſet down under the Line for the firſt Figure of the Re- 


mainder ſought. 
thus prepared; the 7 from which 1 has been 


The upper Number 25er 
borrowed is reduced to 6, and the two Cyphers over which the 9 have ſes 
been left, are no to be conſidered as 9. To continue therefore the Subtrac- 
tion, I dedu& 8 from 9, there remains 1 which write under the Line. 
J afterwards dedu& 4 from 9, and there remains 5 which I ſet down like- 
wiſe under the Line. . Laſtly I deduct 5 from 6, and there remains I 


which Lalfo ſet down under the Line. 


The Operation being finiſhed the Remainder required will he. 1518. 
K 


When there are decimal Figures i in the Number to be deducted or in How the 


the Number from which it is to be deducted, or in both; the Computiſts r 


firſt diſpoſe under one another the Fi igures of the ſame Degree; and when of decimal . 


numbers i is 


one of the two Numbers has not as many decimal Figures as the other; ; performed. 
they annex Cyphers to the right Hand of that which has the Leaſt, to make 
the decimal Figures equal in both; which will not change the Value of this 


Number, ſince the Comma preſerves" to each Figure the Place it had before 
| the Cyphers were annexed, 


The two Numbers being thus prepared and their Units of the loweſt | 
Degree being of the ſame: Kind, the Subtraction is performed as of the 
N umbers had no decimal F. igures. 3 
Sh 5 1 eee. | 
it be required to deduct 8716, 2 om 2 5 ks: 
As thoſe two . tes have not the ſ 5257 from 250 1 3 Hats 
o decimal Figures, the Second having two more than 


tte firſt; I annex two Cyphers to the right Hand of 230009;300 . purnders,. 
the F irſt, and the two propoſed Numbers being | 
transformed i into thoſe ſet down in the wn nd 'whoſe 
Units of the loweſt De 


87 16525 My 
221 203.043 


e are Thouſandths, I 


the 3 as on f Tumbers thathave, n decimal N 225 


1 
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„ r "ELEMENTS OF 


is | XXVII. 

How the When there are "EI in the Number to be deduQted g greater FED the 
foreg6ing © correſponding ones in the Number from which it is to be — and 
operation of When placed under one another, to perform the Subtraktion, Units | 
may be con- are borrowed from the upper Figures of higher Degrees, to add their Va- 
trated. Jyes to the Figures which are too Small; inſtead of taking from the upper 

; Figures the Units that have been borrowed before the Figures that are 
underneath are deducted from them, it is eaſy to perceive that the Unit 
borrowed from an upper Figure may be added to the Figure under it; and 


ſo from the upper Figure be deduQed at once 9 Unit that was borrowed 


and the Fi igure under 1 it. 
e VII "i 
7 Let it be required to dedutt 5486 from 7004. 
'An exam- Having on» the Numbers as in the Margin, to find all the 5 RY 4 | 
ple of ſyb- Figures of the Remainder, I proceed as follows $486 


1 10. Becauſe 6 cannot be taken from 4, I add ten to 4 and de- 
dhe contrag - duct 6 from 14, ſetting down the Remainder 8 under the Line. 1 5 18 
ed method. 20 The Ten added to the 4 ſhould have been horrowed from the Cy- 
by = which follows the 4. Conſequently as this Unit ſhould be taken 
om this Cypher, as alſo the Figure 8 which ſtands under it, I add the 
' Unit borrowed to the 8, to deduQ their Sum g from the Cypher: but as 
this cannot be done, I borrow an Unit of a higher Degree, which being 
carried to the Place of the Cypher is equivalent to 10; and deduct g from 
10, and ſet down the Remainder 1 under the Line. 
30. As the Unit borrowed ſhould be deducted from the ſecond cypher, 
as alſo the 4 which ſtands under it, I add the Unit borrowed to the 4, to 
| deduct their Sum 5 from the Cypher which is above it; but as this can- 
2; not be done; I borrow an Unit of a higher Degree, which being carried 
to the Place of the Cypher is equivalent to 10, and deduet 5 from 10, 
and ſet down the Remainder 5 under the Line. 
4. Laſtly as the Unit borrowed ſhould be taken from the 7, as allo 
Fl 5 which is under it, I add this Unit to the 5, and deducting their Sum 
6 from 7, I ſet down the Remainder 1 under the Line. 
The Operation being finiſhed, the difference 1 2 be 1518. 
| nn 
Sabian To diſcover whether any Error has been committed i in computing, a 
— particular Operation is employed, which is called the Proof. 
nap In Addition, as the Sum or total Amount ſhould contain all the Num- 
bers which are added together, if from the Sum be deducted all the Parts 
which were added, there ſhould be no Remainder. Addition therefore 
may be proved, by deducting from the Sum all the Parts of the Numbers 
added together, the ration being acurately performed, if 1 the 


Subunetion there is n. 
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5 "NUMERAL: ARLTHMETICE., 
The Order to be dblerved i in this Operation, will appear in 3 ** 
* following Example: in which the three Numbers 473, =. 
67,924 were added together as in the Margin, and. their. 1 
Sum found to be 1964. 473 
If this Sum 1964 is exact and: contains 1 the Parts of the „ 
Numbets added together ; ; it is manifeſt that if all the Hundreds 9 2 4 


all the 'Tens andall the Units of the Numbers added . 2 9 6 &« 
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this operati- 


on explained 


N exam 


* 5 
+. 1 


be deducted from it; there ſhould be no Remainder. _ -_ I . 


The Subtraction might be performed beginning at the Units 
Place as uſual; but as the Units, Tens and Hundreds would then 


be collected in i the ſame Order they were added together to find their Sun, . 
and Gnſequently this Operation would become: liable to the ſame Errors 
that might have been committed in performing the Addition. The Com- 


hi higheſt 


putiſts perform the Subtraction beginning by the Figures of 
Degree. „  ©:: 
To deduct, therefore 10 the Hundreds of the Numbers added together, 


| from the Sum of thoſe Nuſfibers, I add thoſe Hundreds, ſaying : 4 and 


5 is 9, and ꝗ is 18; and 4 Hundreds from the 19 Hun- 
dreds of the Sum, Ifet down the Remainder 1 under the 9. after having 
barred the two Figures 19 


2. To deduct the Tens, I add them together, faying : 7 and * I 3. 3 


and 2 is 15; and deducting thoſe 15 Tens from the 16 Tens that remaln 
in the Sum, I ſet down the Remainder 1 unde he 8. after n barred 
the two Figures 16. 


4 


3®. Laſtly I add the Units, Gaines g and +; is ; 10, 1 4 ey * 8 


deducting thoſe 14 Units from the 14 Units which are ſtill in the. Sum, 
and there being no Remainder ; I ſet down a Cypher under the 4. after hav- 


ing barred 14. 


As there is no Reninder left after this eg I Soc that the by 


Addition of the on Numbers .47 3s 507 p 92 has been 2 * 
formed. wp | ao 43 
e 


9 Se as ** Quantity deducted is . in 1 Quantity 


from which it is deduced, andthe Remainder is alſo contained in this J Ades 
Quantity; ſo that the Qbantity deducted and the Remainder are wn . wy 
uan- traction, BY 
W tity SubtraQted be added to the Remainder z their Sum will be equal to the 
Quantity out of which Subtraction has been made, Subtraction therefore 
may be proved by adding the Number ſubtracted ty the Remainder, and 


Parts of the Quantity out of which SubtraQtion is made: if the. 


their Sum, if the Operation has been acurately ag will * equal to 
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„„ Example, 5486 be deducted from 7004, and the Re- 7004 
Proceſs of mainder be found to be 1518, as in the Margin, adding 1518 to 4866 
bn erglained 5486, Ifind their Sum 7004 to be equal to the Number out of 


. 3 which SubtraQtion has been made, from whence I conclude that 1 81 — 
ple. the Subtraction of 5486 from 7004 has been acurately per- 7004 
| : | . 


a Multiplication is an Operation by which a Quantity is repeated a certain 


Number of Times. „ 0 
Two Numbers therefore are required to perform a Multiplication. 
lar denomi- 1% The Number to be repeated, which is called the Multiplicand. 
nationsgiren 29 The Number that denotes by the Number of its Units how oftEn the 
bets con- Multiplicand is to be repeated, and which is called the Multiplicator. 
cerned in The Multiplicand and the Multiplicator are alſo called the Factors of the 
1-4 as the Multiplicator contains Unity, is called the Product. 

For Example, if it was required to multiply 8 by 4, thoſe two Num- 
bers 8 and 4 will be the two Factors of the Multiplication; the firſt (8) 


which is to be repeated will be the Multiplicand; the ſecond (4) which de- 


notes that the Multiplicand is to be repeated 4 Times, will be the Multiplicator ; 
laſtly the Number 32 found by repeating 8 four Times, will be the Froduci. 
XXXIT. 


To denote that two Numbers are to be multiplied one by the other, the 


| Theſign Computiſts place between them the Note x which ſignifies Multiplied by. 


rs employed Thus 8 x 4 denotes that 8 is to be multiplied by 4; and as the Product 
to devote iriſing from this Multiplication is 32, it may be ſaid that 8 x 4 is equal to 32. 
quantities If it was required to multiply again this Product 8 x 4 or 32 by à new 
2 4 Multiplicator 2; the Computiſts would write down 8 x 4x 2 or 3 2x 2, 
ae = be Whoſe Product is 64; that is, they ſet down one after another all the Fac- 
other. tors that enter into the Product, ſeparating them by the Note x. | 

Multiplication may be performed by reducing it to Addition, for Example, 


the Multiplication of 32 by 4, might be performed by ſetting down the Mul- 


tiplicand 32 four Times in the Order that Quantities are ſet down which are 


Inconveni- 


ency of re» to. be added the Sum of this Addition containing 32 four Times, will be 
ducing mul- the Product of 32 multiplied by 4: But as this Method of performing 
z dien. Multiplication could only be appli 


ed when the Multiplicator conſiſts of 
Number. The Computiſts were under the Neceſſity of employing parti- 
cular Rules to abridge the Operations. e e e 
1 5 | | TH 5 X XXIII. | | 7 e . * 

The Product therefore of a Multiplication will conſiſt of Units oF the 
ſame Species as thoſe of the M ultip Band for this Product reſulting from 
the repeated Addition of the Multiplicand, can have no other Units than it. 


* 


multiplcati- Multiplication; and the Number which contains the Multiplicand as often 


very few Units; being impracticable when the Multiplicator is a great JH 
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From whence it follows, 19 that if the Units of the loweſt Order 4 
of the Multiplicand, are ſimple Units, or Tens, or Hundreds &c. and the 1 
Multiplicator conſiſts only of ſimple Units, the Units of the loweſt Order 220 
of the Product will be alſo ſimple Units, or Tens, or Hundreds &c. 
hence the Product ſhould have at the right Hand as many Places of Fi- 3 
gures as there are at the right Hand of the Multiplicand. For Example, | 
if 8%r 80 or 800 be multiplied by 4, which will be effected by repeatin . 
the ſignificative Figure 8 of the Multiplicand four Times, the Product 32 will e "mg 
have to the right Hand as many Cyphers or Places as there are after the gures multi- 

Figure 8 which has been multiplied, and will be 32 or 320 or 3200. | plied into 
20 If the Units of the Multiplicator are collective Units, as Tens, or Hun- 23238 
dreds or Thouſands &c. each of thoſe collective Units will denote that the as maay 
Multiplicand is to be repeated ten Times, or a hundred Times, or a thou- er 
ſand Times; ſo that the Product will be ten Times, a hundred Times, or a tber ae | 
thouſand Times greater than if he Multiplicand was multiplied by a Num- places tothe "5120 
ber of ſimple Units; and conſequently this Product will have alſo to the NEST _ = 
right Hand as many Places as there are to the right Hand of the Figure em- cand and 70 
ployed for Multiplicator. | mmultiplica- 
For Example, if 8 be multiplied by 4, or by 40, or by 400, or bcß 
4000, &c. which will be effected by repeating 8 four Times; the Prod 
32 will have in all thoſe Caſes as many Cyphers or Places to the right 
Hand as there are to the right Hand of the Multiplicator 4, and conſequent- 
ly will be 32, or 320, or 3200, or 32000. LES 
From whence we may conclude that the Product of two Figures mul- 
tiplied one by the other ſhould have to the right Hand as many Cyphers or 8. _=_ 
Places, as there are Cyphers or Places to the right Hand both of the Figure x 
multiplied, and of the Figure employed as Multiplicator, Kooks) Wn. "_ 
For Example if 800 be multiplied by 4, or by 40, or by goo or by | 9 
4000, & c; which will be effected by repeating the ſignificative Figure 8 of 3h 
the Multiplicand as often as there areUnits in the ſignificative Figure 4 of the 

38 Multiplicator ; the Product 32 will have to the right Hand the two Cyphers * 

28 which are to the right Hand of 8, and all the Cyphers which are to the 

right Hand of the Figure 4, employed for Multiplicator, and will conſe- 1 

quentiy be 3200, or 32000, or 320000, or 3200000, &c. Sri 

A Number let whatever be the Nature of its Units, may be repeated 

any propoſed Number of Times; whence the Multiplicand of a Mültiplica- 

tion may be an abſtra Number, or a concrete Number conſiſting of any 

particular Species of Units. „ „% ab] = 

It is not fo of the Multiplicator- which ſhould denote how often the The multi- #599 


My 7 


28 Multiplicandis to be repeated. Each of its Units whether Simple or Collec- — 
tive ſhould only repreſent a Number of Times; whence it ſhould neceſſarily be abſtrac 
cConſidered as an abſtraQ or abſolute Number, and never as a concrete Number, nber. 


[ 


or +51 ELEMENTS or v4 


nr it is ebenes propoſed to multiply a concrete Namber by a- 
nother concrete Number. For Example, if an oak Board coſt 5 Sbillings and 
the Priceof 20 Boards be required at that Rate, it is propoſed to multiply 5 
 Shillings by 20 Boards, but it is manifeſt that this Propoſition is contrar of fn 
the Rules of Multiplication and that 5 Sh;/lings is not to be multiplied by 
the concrete Number 20 Boards, but by the abſolute Number 20 Times. 
Since to obtain the Price of 20 Boards at the Rate of 5 n, per Board, 
it ſuffices to repeat 5 Shillings 20 Times, 
. 
The Multiplicand remaining tlie ſame, if the Multiplicator becomes 400. 
| ble, or triple, or quadruple, &c, of what it was; the Product will alſo be- 
In whatever come double, or tr ple, or quadruple, &c. of what i it was ; becauſe the new 


a multipli- &c. oftner than the former Product contained it. 

Abele the. The Multiplicator remaining the ſame, if the Multiplicand becomes 

product will double, or triple, or quadruple, &c. of what it was; the Product will 

de always alſo become double or triple or quadruple, & c. of what it was; becauſe 

the ſame. the new Product will contain a Multiplicand double, or triple, or quadru- 
ple, &c. as often as the firſt Product contained the ſimple Multiplicand ; 


and it is manifeſt that a Whole ſhould become double, triple, or quadruple, 


What they were. 


7 N 5, will be multiplied by a, or by 3, or by 4 &c. by multiplying one 

of its Factors, either the Multiplicand 7, or the Multiplicator 5, by the 

: > | - new Multiplicator 2, or 3, or 4, &c. becauſe by thus multiplying one of the 

"= two Factors, their Product is rendered double, triple, or quadruple, &. 
5 of what it was, 
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It follows alſo from thence, that if any two Numbers, for Cale: 3 


and 7 are to be multiplied one by the other, there will always reſult the 
fame Product whether we multiply Thy 7. or 7 by 3, and nnr 


whether we write 3. X 7 or 7 X 3, 
For every Number may be conſidered as a product of it{elf into Unity, 


Thus 1 X 7 is the ſame Thing as 7, and 5 the Product of i X 7 
multiplied by 3, is the fame Thing, as the Product of 7 multiplied by 3 


will give 3 X 7; and to denote that 7 is to be mplied by 3, it is {et 
 downthus 7 X.3” 
Wherefore 3 Xx 7 is the ſame T hing as 7 X 33 that is, 3 two 3 
bers are to be multiplied one by the other, it is indifferent which of them 
N Is taken for Multiplicand or Multiplicator. 
we From whence. it follows 30, that if there are three Numbers ſuch as 
2, 3·7 to be multiplied together, cheir 3 will always be the lame 1 in 


h 
0 e wel of Product will contain the ſame Multiplicand Twice, p hrice, or four Times | 
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when its component Parts become double, or triple, or quadruple, &c. of 


From whence it ies 19 that the Product of two Factors, fuch as 


Hut to multiply 1 & 7 by 3 it ſuffices to triple the Multiplicand 1, Wich 
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Numbers from 1 to 9. In 


15 down 3. and in the re- 
maining Squares of this | 


in the remaining Squares of each Row, the Numbers 
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21 


whatever Order they are multiplied, ſo that they may be ſet down the fix. 


different Ways following 2 X3X 7,3X2X.7,3X%X 7X2, 7X 3X25 
7X 2X 3, 2X 7 X 3. Fe ſince the two Products 3x 7, 7 Xx 3, are e- 


qual; if they be multiplied by the fame Number 2, the two reſulting Pro- 
duq́;; will be alſo equal: and as the two Products 3 X 7, 7 X 3, may be 


multiplied by 2, either by multiplying the Factor 3, or by multiplying 
the Factor 7, and that the new Factor 2 may be ſet down either before or 
after the Figure to be multiplied, there will reſult ſix different Arrange- 
ments of the three Factors 2, 3, 7. If there were a greater Number of Factors 
to be multiplied together, whatever way they are ranged, it is eaſy to per- 
ceive that the Product will be always the ſame. ; 
5 | %% | I dE FO 

To find the Product of two Numbers repreſented each by one Figure, 


that is of two Numbers, each of which is leſs than 10. The Computiſts 


employ two different Methods. The firſt is a Table which Pythagoras is 


faid to have invented, containing the Products of all the Numbers that may be 


expreſſed by one Figure. 

This Table which con- 
ſiſts of nine Rows of nine | I | 2 | 343 ES 
<>ualSquares,isconſtruft- |—————_— _ 

ed thus. In the firſt ho- 2 | 4 6 8 110112 
roſontal Row is ſet down — — —— 
the Series of natural 3 6 9112115 18 


the firſt Square of the || 
ſecond horoſontal Row is 
ſet down 2, and in the 
remaining Squares of this 
ac 2 0 =o 4 the...” ao : 
umbers found by con- F MY 
tinually adding 2. Tn the [ | 4 | — \'28 | 35 [42 
firſt Square of the third 8 


horoſontal Row 1s ſet 16 ah 32 40 48 | 


9 [48 | 27] 36] 45 |.54 
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Row are ſet down the | „ „ 
Numbers found by continually adding 3. In like Manner in the firſt 
Square of each of the following Rows is ſet down 4, 56, 7,8, 9, and 


adding the Number which is ſet down in the firſt S ef this Row. 
Io make Uſe of this Table in the Multiplicatzon vers leſs than 


Fi:f: method 
of finding 


cht product 


of two num- 
bers leſs than 
10 by the 
table of 


| Pythagoras, 


Found by continually 


10, the Multiplicand is to be looked out for in the firſt horoſontal Row, 


and then deſcending to the horoſontal Row that begins by a Number equal 
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to the Multiplicator, the Product required will be found. For Example, if it 


was required to ar; 8 by 7: the Figure 8 is to be looked out for 


in the firſt horoſontal Row, and then deſcending to the horofontal 


Row, that begins by ), the Product of 8 into 7 required, will be — to 


be 56. 
5 n 


Second me- The ſecond Method employed by the Computzſts to multiply two 
Numbers leſs t an 10, one by the other, conſiſts in working with the Fin- 
gers; but for this Purpoſe it 1s neceſſary to know how to multiply two. 
Numbers leſs than 6 one by the other. The Manner of performing this 


thod for 
finding the 
product of 
two num- | 


bersleſsthan Operation is as follows. =» 
PR 'The Computiſt ſhuts both his Hands, and attributing a Number to each 
Hand, he lifts up as many. Fingers in each, as there are Units from the 
Number that is attributed to it, to Ten; then multiplying the Number of Fin- 


| gers lifted up in one Hand, by the Number of Fingers lifted up in the 


other, he adds to the Product as many Tens as there are Fingers down in 
both Hands, PN, TT 5 . 
Let it be required, for Example, to multiply 8 by 7. attributing 8 to 
the right Hand, I lift up two Fingers, becauſe there are two Units from 


to the leſt Hand, I lift up three $2gers, becauſe there are three Units 
from 7 to 10, and there remain two Fingers down in this Hand. As 
there are three Fingers lifted up in one Hand, & two Fingers lifted up in 
the other, I multiply 3 by 2, which gives 6 Units for the Product; and be- 
cauſe there are five Fingers down in all, viz Two in one Hand, and Three 


in the other, I add 5 Tens or 50 to the 6 Pnits already found, and there 


P — 


reſults 56 for the Product of 8 into 7. 

| | 1 xx XVIII. | | | 
Proceſs of To multiply any Number which has no decimal Parts, by another 
the multi- which has none alſo, and that is repreſented by one Figure. The Com- 
whole num- L © A i 
bers when Line to ſeparate the two Factors of the Multiplication, from the Product 
ce which is ſet down under it; they ney each Figure of the Multiplicand 
preſented by One after another, beginning» with the Units Place, by the Multiplicator. 
one fignifi- When each Product can be e 
cativeffgure. the Figure multiplied, But when ſome Products cannot be expreſſed but by 
| two Figures, the Firſt, which is of the loweſt Degree is ſet down under the 
Figure multiplied, and the other is retained and added to the following 

Product. All the Figures of the Multiplicand being thus multiplied, and 


all the particular ducts ſet down, all the. Figures under the Line will 
repreſent the Freut of the Multiplication required — 


8 to 10, and there remain three Fingers down in this Hand; attributing 


utiſts ſet down the Multiplicator under the Multiplicand, and drawing a 


by one Figure, it is ſet down under 
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„„ T 
Let it be required ta multiply 964 4. 


Having et down thoſe: Nubbers as in the Margin, to find 964 8 
the Figures of this Product one after another. == 4 4 multiplica- 1 2 
1 Begining at the Units Place of the Multiplicand, I fay: —— TI 
four times 4 is 16; and becauſe this firſt Product is repreſented e 
by two Figures the Firſt of which (6) repreſents ſimple Units, and the 
| ſecond (1) a Ten or an Unit of the ſecond Degree; I ſet down 6 in the 
Units Place under the Figure multiplied, and I retain 1 to add it to the 
following Product whoſe Units will be of the ſecond Degree. 
20 Proceeding to the ſecond Figure (6) of the Multiplicand which re- : 


preſents ſix Tens or fix Units of the ſecond Degree; I ſay: 4 times 6 is 
24, and 1 that I retained from the foregoing Product makes 25, or rather ' 


25 Tens or Units of the ſecond Degree, and I ſet don the firſt Figure (5) 


in the ſecond Place; retaining the ſecond Figure (2) which repreſents two 
Tens of Tens, or two Units of the third Degree, to add it to the following 
product whoſe Units will be alſo of the third Degree. 1 
3? Proceeding to the next Figwe of the Multiplicand, I fay : 4 times 9 is 
36, and 2 that I retained of the foregoing Product make 38, that is 38 Hun- 
dreds or Units of the third Degree, and I fet down the firſt Figure (8) in 
The third Place. as to the ſecond Figure (3) which reprefents three Units of 
the fourth Degree, I would have retained it to add it to the following Pro- — 
duct, if there remained a Figure to be multiplied; but as the whols is multi- 
pos ſet down this Figure 3 in the fourth Place to the left Hand of the. 1 
igure 8. | | 3 008 rs ane 2 5 | * 
Al the Figures of the Multiplicand 964 being Multiplied by 4, arid the _ 
Figures of the particular Product being ſet down one after another, in the 1 
Manner we have explained; the Number 3856 under the Line is the Pro- 


duct required, | | = 


5 Let it be required to multiply 964 by %o. . 
Having ſet down theſe Numbers as in the Margin. I ob-. 964 Vecond er 


ſerve that if the Number 964. was to be multiplied by 6; the 600 malle 


Product would be 5 784 but the N 60, being de- tion of inte- 


cuple of 6, the Product required ſhould be decuple of the 3 78 40 gen. 
Product 5784 ariſing from the Multiplication by 6. 2 : 
But according to the Rules of Numeration if each Figure of a Num- 
ber be removed one Place towards the left Hand, which is effected by 
ſetting down a Cypher to the right Hand of this Number; it will be ren- 


Þ dered decuple of What it was. Wherefore ſettirig down a Cypher to the 


right Hand of the Number 5784, we will have 57840 for the Product re- 
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| l Let it be required ta multiply 964 by 2000. 
Third ex» Multiplying 964 by 2 Units, I find 1928 for the Produ&t ;* 964 
ample of but the Multiplicator 200 bein centuple of 2: the Product. 2056 
— required ſhould be centuple of 1928 and conſequently the 
integer. ſimple Units of this Number ſhould be Hundreds or Units of 192800 
the third Degree, as thoſe of the Multiplicator. 2 Hundreds. 
'* Wherefore the Number 1928, ſhould have two Cyphers or two Places to 
the right Hand, to expreſs the Product of 964 by 200. 5 
It will appear in like Manner that if the Multiplicator be repreſented 
by a Figure whoſe Units are of the fourth or fifth Degree, the Multipli- 
cand is to be multiplied by this Figure, as if it repreſented only Units of 
the firſt Degree, and as many Cyphers are to be ſet down to the right Hand 
of the Product as there are Places to the right Hand of the Multiplicator. 
| * 5 e 5 
Proceſo of When it is required to multiply a Number which has no decimal Parts, 
erf by another which has none alſo, and that is repreſented by ſeveral Figures, 
| tegers when it is eaſy to perceive that the whole Multiplicand muſt be multiplied by 
| the noukipli each Figure of the Multiplicator; whence there will reſult, as many parti- 
preſented by Cular Products as there are ſignificative Figures in the Multiplicator, and all 
3 thoſe Products being added together: their Sum will be the Product required. 
ncaa 1 | | WEIR, I. 
WY = Let it be required to multiply 964 by 264 
| Since the Multiplicator 264 conſiſts of four Units, ä 
Tens, and two Hundreds, that is of 4, of 60, and of 200: 264 
Firſt exam- the Multiplicand 964 muſt be multiplied by - thoſe. three 
e Numbers 4, 60, and 200. Having thergfore ſet down the _ 3856 
tion of inte- Multiplicatar under the Multiplicand as in the Margin. 5 b 
eee FR 191 multiply every Figure of the Multiplicand one after 102800 
bock repre- another by the firſt Figure 4, which repreſents 4 Units, 3 54496 
ſented by ſe- ſetting down the Figures of the Product 3856 one after another 
PWW IT EE og wn Ie 
gures. 29 I multiply by the ſecond Figure (6) of the Multiplicator, that is, 
5 by 60, and uſe the Units of the Product ſhould be Tens, I ſet down 
a Cypher in the Units Place under the firſt Product, mbiltiplying afterwards 
every Figure of the Multiplicand by 6, I find 57840 for the ſecond Product. 
39. I Multiply by the third Figure (2), that is, by 200, and becauſe the 
Units of the Product ſhould be Hundreds; I fill up with two Cyphers the 
Places of the Units and Tens; multiplying afterwards by 2 every, Figure 
of the Multiplicand one after another, I find 192800 for the third Product. 
Laſtly I add together thoſe three Products, and there reſults 254496 for 


= 


. the Product required of 964 multiplyed by. 24. 


9 1255 8 ö * C 2 2 5 ; * Ry 5 my 2 5 333 * UN 
4 NUM FR AL: AR r HEME Tl ck | ag: 
i XIV. 5 1 6s * | 
* 1 Abe Mutiplicator u of two 1 eie. n ra AT "2 ORF 
„ Ki | 2 only 5. and 3, the firſt denoting 50 or 4 . _ 7544 > nes ample of the 
7 Lens, and the ſecond: 30000 or 3 Tens of Thou- _ 30050 ne F 
. fands, there are no more than two particular Pro- —— 608 0 pay A 5 
a ducts to be found. Having ſet down the Multiplica- _ 2160 ſented by ſe- 
” tor under the Multiplicand as in the Margin, and ob- 29 564 99 1677 e ay 
3 ſerving that the firſt Multiplication by 5 tens, will #7 298 6 4 40 8 OO gures. | 
x produce Tens; I ſet down à Cypher in the Units : | | 
5 Fre and multiply the Multiplicand 43216 by 5; "Saying © 1 * times Ene 1.7 
9 | 6 is 30, writing down the firſt Character (o) in the ſecond Place, ang 
; retaining 3. I multiply the other Figures of the Muloplichnd by 55 and © 
r. i there reſults 2160800 for the firſt particular Product cath: 
. The ſecond Multiplication by 3. Tens of T houſands will produce” Pie ano 23: 
ts, of Thouſands, 8 will have four Places of Figures to the Tight WOT" 
5 Hand. I therefore ſet down four Cyphers in the four firſt Places, or leave 
Y chem Void: and multiply the Multiplicand - 43216 by 33 and there- reſults 
* 129648 for the Second n Product. 
by Lacy I add together thoſe two particular products, W Sum 
. 9 7 e will be the whole Produèt of 43216 matt lied by ol | 8 
be | eri n £ | e 0 | | N 
a. q | Letit be required to — Gebo 5 0, 3 - 
4. #4 10 e the firſt ſignificative Pin (6): of wo a * e "gh c "Mn 
4. 1 Riya gg two Cyphers, or two Places to the - 700890. ;Thirdexame Tho. 
56 ight Hand of it, and conſequently ſhould 8 nr 408 OO multiplica- s | 
40 nits of the third Degree, I ſet down two 84860 00, —— — won | 
88 iin the two firſt Places; then ſaying: 6 times © is 0,8 2 290 1 3 by fo 3 
OO. eet down a Cypher in the third Place, and proceeding 3 — Yr ſignifi- = 
96 Wo the Multiplication of the ſecond Figure of the N 240009. ede 
Wlultiplicand, I fay 6 times © is o, ſetti Gow b a ga a be e 
ypher alſo in the” fourth Place. Then I ſay: 6 times 8s 45, ſetting” - te 
y 185 oon 8 in the fifth Place, and retaining 4. Tat A rwards ſay: 6 times o is 24 
. d 4 I retained is 4, which I ſet down in the ſixth Place; then I fay: 6 = 
NY nes o is o, and ſet down a Cypher in the ſeventh Place. "Laſtly I oy b 
* nes 7 is 4a, and ſet down 2 in the eighth Place, and Fin the ninth Place, a 
a 3 N chere reſults 420480000 for the firſt partieular Produẽt. ; 
n 2 Becauſe the ſecond ſignificative Figure 4 tens of Thoiiailds- of the” . 
er Lultiplicator will produce Units of the fifth Degree, I ſet down four Cy. . 
75 ber Pers in the four firſt Places of the ſecond Product, or leave them void, . 5 
6 for ad then N 700860 by 4 and there reſults 28032000000 for the ED. 
12 3 cond particular roduct. 5 i l 5 : 1 
= Laſtly I add together the two Dio Products and their” 
8452480000 will be the whole FORTY * 
| . A > 
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XVI. 
If it be required to multiply A Nawber which contains decimal Parts, 
Proceſs of 25 another Numher that alſo conta ins decimal Parta or that does not contain 
ad 15 The Multiplicand is to be multiplied by the Multiplicator, as if nei- 


numdert oe of them contained decimal Parts : and in the Produtt ſo many Places 


— of decimal Figures to the right Hand are to be ſeparated with a Comma, as 


parts, there are decimal Parts both in the dane and uf Mubiplionor, as vill 
"ide; ee No the following Examples, | 
157 Bb £0 „ 2 LLV VHil (at): Men 
„ Lt it be required 4 mud brad 11 
Firft e. Since the eee (74. 964) expreſſes 74964 =. 7 1 4 
nina Fre ps ſandibs, the Units of the Product will be thouſandtho; and: 26 1 
multiplics- this Product will be 19790496 Theuſandths ;, becauſe the * 
tion of num- Units of the Product are always of the Ge Species as 299» 8 56 


ine dale thoſe of the Multiplicand, when the Multiphcator con- 449 


parts, = tains no decimal Parts (Art Xx x111.) | 149929 


In order therefore to. ſhew that the Ute ah the Pro- 


7 1755 19799496 are Thouſardths, the ſame as thoſe of the 19790497 | 


ultiplicand. I ſeparate with a Comma three decimal 


 Figwes in the Product, or in general | ſeparate with a 3 2 many. de. ® 1 


cimal Figures in the Product, as there are in the Maltiplicand. 
To 3 be 8 Number which contains decimal Figures by 


another that has eng: 3 be performed as if the Mu 
tiplicand had no cimal Parts, afterwards as many decimal Figures are to 
de ſeparated with a Comma in the Product, as there are in the Multiplicand. 
As the Multiplicator has no deeimal Parts, thoſe in the Multiplieand 
are all that are both in the Multi plicand and Multiplicator, whence the 
1 of the foregoing Anjcle 'n applicable: to'this Git Bnaraiphe, * 
e eee 


1. K 324 ve 


$667 48 e be regie to multiply 14964 5 276 


a 1 . the Multiplication 2s if the Multiphicator ER 


Lehel. was, a whole Number; I End kor Product 19790496 /im- 2,64 


cation of ple Units. But the propoſed Multiplicator {: (2,64) which — 


numbers expreſſes 264 Hungreths, being only the hundreth Part of "2998 256. 
one's 264 Units: conſequently che Product ſhonld' be only the 4497 8 
parts, HIundreth Paxt of the Produ 19790496 arifmg from the 149928 


Multiplication by 264; the Unzte therefore of this Pro- — Iz 


dp6t mutt be urea into Hundreths; which is effect. e 


he ns, th a3 Comma as many decimal Figures in tr i 


this FRE. as there are in the Kfltiplicatos, 
has: ve decimal Parts thoſe in the Multiplicator | 
. — are in both the Multiplicand and mama ſo that ad 


i all. e eee 
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1H 48 i584 . ü 27) 1 Hon ids PRIN 
2 12 a #'be 1 „Mal 1900 5 25 6% 75 14 
Muteiphying the Multiplicand (747,964) which con- e e 
| tains the of mo Ui; yr Naldpyn, 5 n —＋— i N 
dered as a Number o nits; that ie I 3 FOO ication of 
1 1 7 K ,964) by 264; I find (197 ,90496) for the Pluck 2,99 40 = 
Hot this Produèt is centuple of the One required; be- 44,9784 
1 | cauſe it ariſes from the 3 1116 oo, which | x 49,928 
is cen of the given Multiplicator (2, 64): whence 
PRES wet be renderedh# Bastel Nee Jef; | 9779 7 
| conſequently the ſeparating Point muſt be ſtill removed ye OT 
po many Places towards the left Hand as there are Flares aber the Comma 
4+" 4 in the Multiplicator. And as there are already in the Product as many 
1 1 Places to the right hand of the Comma, as there are in the Multiplicand ; 
x | there will nece arily be in the Product as many Places to the right hand of 
me Comma, that is, as many decimal Figures, as waht are in both the 
& Multiplicand and Multiplicator, Conſequently (197 ,90496) will be the 
Product of (74,964) into (2.64) * to the 1. {Rate hk xLVI) 
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Let it be required ta mail 0245 by o ,0625. © | +» Four hy 


$3 EF aQors had no decimal Fi igures, and added together : all 9,06 25 . my tiplica- 
be particular Products; finding that there are not as ion of cum 


44 
34 of 


i both the Multiplicand and Multiplicator : there being 250 ' parts, 
even decimal Places in 16 the e and only five _ 750 
Figures in the Product; I ſet' down two Cyphers 85 the 
4 | AS of de Preda infer 6e Ewe fern decimal 0,0078 1 
Figures, to which I prefix a Comma that they may be 

Seputed as ſuch: and e a Cypher to the left Fandsf the Comma, 5 
bc fo the Place of the Units; there reſults 0,0787 2 * for the e ” 
of (0,123) multiplied by (0 ee | 


1 1 K ür ownthie Operationsin Matti fication are E let us ſup 

ese that 4872 was multiplied by 863, _ the Product found How. the 0 
24536. To prove it, the Figures 4,8, 7, 2 of the Multiplicand conſider. perations in 
9 9 Nas 5 repreſenting fimple Units are added together, and all the gs con- multiplics- 
nee in their Sum being taken away, the Remainder 3 is ſet down. In 7 = 
manner, the Figures 8,6, 3 of the Multiplicator are added together, cd b * 
nd the 9 in their um being taken away, the Nemainder 8 is ſet down. 
hen the Remainder 3 of the Multiplicand; is multiplied by the Remain- 
err 8 of boo arr wr; and the two Pigutes of the Product 24 being 
ed ä their Sum Gf not! n 9, is equal fo — > 


44 g Q b 
„ E 1 
2 1 0 * A - 4s » : 1272 A . Ig 1 


vun trnugriex 1 


| 1 „ the Multiplication as if the two 55714 5 ane of the | 


9 any Figures in the Prodac ar there are decimal Places 625 12 


 <&.,.-4 


| Remainder of the Sum of all the Figures 4,2, 0,4, if 3,6 of the 
Product, after all the gs: are. taken away z there is a Preſumption that the 
-- 1-2 Multiplication has been accurately performed, if not, it i Proof that kane 
Error has been committed in the Operation. 
| For it is eaſy to obſerve, that if the gs contained in a —Nanker e 
ſed by a ſignificative Figure followed by ſeveral Cyphers be taken away, 
the Remainder will be repreſented by a Wien equal to the Hgoibcative. i- 
gure of this Number. 1555 8 
2 Example, if all the g contained i in the Numbers 4000 , doo, 70, be 
22 away, the Remainders will be found to be 4.85 7. 


a 4 51 ELEMENTS: OF ict 7: 


So that if the 9s be taken away from any Number, ſuch as 4872, which | 


is equivalent to 4000 more 800 more 70 more 2, the Remainder will 
be 4 more 8 more 7 more 2; and if the gs contained in thoſe four Fi- 
res whoſe Sum is 21 be taken away ; there will remain 2 more 1, or Berg's 
From whence it follows, that if all the Figures of a Number be conſider- 
2 as repreſenting ſimple Units, and: from their Sum all the gs are taken 


away; the Remainder will be equal to what remains when the gs are taken 


away from the given Number. 
| Now i it is eaſy to perceive that when two N umbers ſuch as 48 72 and 863 
* arepropoſed to be multiplied one by the other, that all the gs may be caſt 
out of their Product, by caſting aut of the Factors all t he gs (becauſe the 
Multiplication of thoſe gs by any 3 can only produce gs, which 
by the Suppoſition are to be taken awa and by multiplying their Remain- 
ders 3 and 8 one by the * whoſe Prom 24 will he reduced to 6, . 

| the 9s are taken away. 
LIL, | 

To divide one Number by another, is to inveſtigate A thicd Number 
5 which multiplied” by the Second, gives a Product equal to the firſt Number. 
The parti- The Number which is propoſed to be divided is called the Dividend; 
cular deno- that Number by which the Dividend is to be divided is called the Diviſor; 


os th and the Number which reſults from the Diviſion is called the Quotient. 


numbers To. denote that two Numbers are to be divided one by the other, the | 


concerned in Dividend i is placed above a ſmall Line, and the Diviſor under it. For 


ane. hes Fs. le, to mend oat 32 Feet 18 to] be e I) 8 e it is Kt n * 


2 ce. ; 
| LIM. 8 } 

PRs FE LY it follows that the Diviſor-or l na be! an n abſtract 
Number, and that one of them muſt conſiſt of Units of the ſame Species 
of thoſe of the Dividend, otherwiſe the Diviſor and. Quotient multiplyed 
one by the other would not produce a Quantity equal to the Dividend; 


now acording as the Diviſor is an abſtra& Number, or a Number of the Game 3 , 


TOS with the Dividend we may form two diſtinet N e. Diviſion. 
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"NUMERAL ARITHMETICK ug, * 
10 when the Diviſor is a Number of the ſame Species with the Dividend, | 
the Quotient that will reſult will be neceſſarily an ftr Number, denoting 

how often the Diviſor ſhould be repeated to produce the Dividend. In this 1 

caſe Diviſion may be ſaid to be an Operation by: which. is diſcovered bow ' — MN 
often the Diviſor is contained in the Dividend: and this Gow often that is found, | : 
expreſſed in Latin by the Word Yoties, is called the Quotient. 

For Example if it be propoſed to divide 32 Feet by 8 Feet, or to finda” | 

third Number by which 8 Feet being multiplied will produce the firſt Cum 
ber 32 Feet; the Number 4 that will be found will be an abſolute. 
Number, denoting. that 8 Feet is to be repeated 4 times to produce 3e 
Feet, and conſequently that 8 Feet are contained 4 times in the Dividend „nt 
32 Feet, whence the Diviſion of the Dividend 32 Feet by the Divilor notioas that 
8 Feet, is reduced to find how often the Diviſor 8 Feet, is contained in the may be for. 
Dividend 32 Feet; and the abſolute Number 4 which is found, and denotes gane 
4 times, will be properly ſpeaking the Quotient of this Diviſion. dig 2 che 
ꝛS 20 When the Diviſor conſiſts of abſolute Units, it denotes how often horn _ 
taken the Quotient ſought ſhould be repeated, to produce the Dividend. So that edge pap pond 
do obtain this Quotient, the Dividend muſt be divided into as many equal or of diffe- 
Parts as the Diviſor contains abſolute Units. In, this ſecond Caſe, it may rent ſpecies. 
be faid that Diviſion is an Operation hy which the Dividend is divided into as. 
many equal Parts, as there are abſolute Units in the Diviſor, to obtain one of A 
= thoſe Parts which will neceſſarily be f the ſame Species with tb Dividend. . 8 
Por Example, if it was propoſed to divide 32 Feet. by the abſolute Num- | 
ber 4, or. to find a Number which repeated four Times will produce 32 
EF Feet; it is manifeſt that the Number which will be found will be the 
fourth Part of 32 Feet, and conſequently will be a Number of Feet. So that 
the Diviſion is reduced to divide 32 Feet into four equal Parts, to obtain 
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one of thoſe Parts which will be 8 Feet: but thoſe 8 Feet when found 
will be improperly ſtyled the Quotient, becauſe not denoting 8 Times, it 
does not correſpond to the Ward Quoties, which ſignifies how fen. 

3? when the Dividend and Diviſor are hoth abſolute Numbers, the 


Quotient will be alſo an abſolute Number; and either of the foregoing de- 
flnitions may be applied to Diviſ ioo. | 
8 _ For-Example, if it be propoſed: to divide the abſolute Number 32, by 
the abſolute Number 8; according to the firſt Definition, the Diviſion will, ©" nk 
be reduced to find how often the Diviſor 8 is contained in the Dividend 32 

8 which is of the ſame ſpecies with it. And the Number 4 that will refult and 
Eo _ . denote 4 Times will be properly ſpeaking the Quotient of 32 di- 
4 YN vide y $55, | 6 ) : a f | 
V; But the Diviſor 8 being an abſolute Number, may alſo denote that the 
of 22 Part of the Dividend 32 is to be taken; agreeable to the ſecond De- 
1 / 20 1 ve] bears tf 008 
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"hays ds eee Unie of the Quotient, will be 
| the ſame wether the Dividend and Diviſor conſiſt of Units of the ſame 
Species, or wether the Diviſor is an abſtract Number, and that the Quoti- 

ents will only differ becauſe the Nature of their Units is different. 
For Example, if thoſe two Diviſions bepro , 32 Feet to be divided by 
33 8 Feet, and 32 Feet to be divided by 8; fo one and the other Quotient 
viſion thæ will conſiſt of 4 Units, and will only becauſe the Units of the firſt 


number of 
s of the 


dividend and The Computiſts therefore when a Diviſion is propoſed to be performed, 
diviſoris an. conſider only the Numbers. of Units of the Dividend and Diviſor, without 


ly conſidered 


and not their 
Ipecies. 


contained in the Number of Units of the Dividend, as if the Dividend and 


Diviſor conſiſted of Units of the ſame Species. Determining afterwards 
the Species of thoſe Units, by obſerving, that thoſe Units ſhould be ab- 
W_ ſtract ones, when the Dividend and Diviſor are really of the ſame Species, 


the Diviſor is an abſolute Number. | Le 


S 
If the Dividend of a Diviſion be multiplied _ any Number, arias 


altering its Diviſor; the —_— of the new Diviſion will be equal t to "the! 
Quotient-of the former multiplied by the fame Number, 


For Example, if 32 is to. be divided. by 8, which is expreſſed thug 2 1 
the Quotient will be 4: and if the Dividend 32 be multiplied by 2 or 3, &c. 


without altering the Diviſor 85 thre will reſult thoſe new diviſions A - 


| 2 their Quotients 8, 12, &c. being · equal to the former Quotient 4 * 
ed by 2. or by 3, 
uy -oftener in a Dividend double, three times oftener in a Dividend 


triple, & e. 
And "reciprocally if the Dividend. of -a-Divifionbe Ae by any Num- 
ber, without altering its Diviſor, the Quotient of the new Diviſion will be 


equal to the Quotient of ehe former, divided by the ſame Number, — 
"Fox Example, Fg6is to be divided by 8, that iu. F whoſe. Quotient, 


is 125 uh april, enn by 2 ar een there will 


reſult thaſe new.” Dixiſions 4, 3 = &c.:their..Quotients 6, 4 &c, being e. e- 


qual te the former dr 12 divided by 2 or by 3: &c. for by dividing 
the Dividend by 2 or by 3 &c it is rendered twice or thrice & c. leſs thn: 


it was; ſo  thakthe comin divifor 8 ſhould be contained t twice or ct 


wilkbe abſolute Units, and the Vaits.of nl ſecond will be Feet, 5 


attending to the Nature of thoſe Units; and feek for Quotient an abſolute 
Number Which. denotes how often the Number of Units of the Diviſor is 


and that they are of the ſame Nature with thoſe of the Dividend, when | 


&C. for it is manifeſt that a conſtant Diviſor 1 1s- contained 
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It the Divifor of a Diviſion 1. HTO is Nie, Mats 
altering the Dividend; the Quotietit of the new 1 will be ual to 
that of the former divided by the ſame Number by which the 


aiptied, Fer Example, ir 98 bo t6 be divided by 8, thit ie, Vf, 


hots Quotient is 125 and that without altering the Dividend 96, the Di. 
viſor. 8 be multiplied by à or by 3 c. thete will reſult thoſe new Uiviſts 


ons I 2, de. their Qyotients 6, 4, dee. being equal to the former 


Quotient 12 divided by the Numbers 2, 3, &c. by which the Diviſor was 
multiplied: for it is manifeſt that 4 Dibiſor become double or triple, &c. is 
contained twice or thirice leſs, & t. in the fame Dividend: {6 that the Quoti- ©» 
ent ſhould be tice o thrice Yr; bf thatrit owl Ve If th Divifor had not _—_ 
been pete v. ** or by | „„ 
the Diets . eee et da bi» + 4 
= | without al da of the Duden, the Quotient of the new Diviſion wilt be e. 
dual to that the fortner, multiplies by the mm peg! the 

"= _Divifor. - e ori 2 — 
: MY r 222 N WII 2 29 l oy r 
ber Example if 96 i ee Dh ac that is + iy ene 
4, and thas without alteriag the — the Divi agyi dy, 8 
2 or by 3, See. there will reſule thoſe ne Diviſions 2, 2 eee, their 
Quotients 8, 12, Kc. being eg to che former Qunotiert $ iid th the 

"= Numbers 2, : '&c. by which the Divifor was er rig: 

ng Divifor By 2 or by 4, &c. it is rendeted Twice or og a, 

MT and it is manifeſt that 2 Divifor Twice or Thrice, &c. i, 5 dun 

7 n or Thrice Se offener 1h the ſame Dividend: - 5 . 


LVII. 


IM From hienes it follows 16 that if the Dividend ae voter o a | 
Dwiſion be muſtiplied dy the fame tlie Quetient ef the Diviſion The multi- 
os the new Dividend by the New Diniog wil bathe faine as the Fen: 8 


= diviſion of. 
os the firſt Diviſion; for Example if 32 is to be divided by &, that is F. the dividend 
IF whoſe Quotient is 4, and the Dividend and Diviſor be multiplied by a gr by ©7 the fue 
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and diviſor 
30 by a ſame Quantity: there will reſutt thoſe new Diviſions 2,8 & &e. — my 
F which give the fame Quotient fe former Diviſion. For 15 mmltphying ing 


- ELEMENTS OP. 1 


the Dividend 1 4Divifo of a Diviſion by a ſame Quantity, the G 
of the firſt Diviſion is at the ſame Time multiplied = divided by this 
fame Quantity, (Art. Lv. & Lv1.) and its Value conſequently.1s not. .changed. 
2 lf the > nt and Diviſor of a Diviſion is divided by a fame Quan- 

- . tity, the Quotient of the new- Diviſion will be ſtill the ſame as that of the 
former Diviſion ; becauſe by this Operation the Quotient of the former 
h en is divided and multiplied by the ſame e (Art. LV,LVI ) 


For Example, if 96 is to be divided by 24, that is 25 whoſe Quotient is 
4, and the. Dividend 96 and Diviſor 24. be divided by 2 or by 3 or by any 
ame Quantity, there will refult thoſe new Divifion 42 =, Ce. which 


give the fame Quotient 4 as the former Divifion E | 


SI. 

W Wen s a Dividend ; is to _ divided 57 a Dhvior compoſed. 5 ſeveral 
ent of a di- Factors multiplied together; inſtead of dividing the Dividend by the com- 
pea 7 divi- poſit Diviſor, it may be divided by a Factor of the Diviſor, and the Quo- 
aware Fo di- tient of this Diviſion may be divided by a ſecond Factor of the Diviſor, and the 
viſor is equal new Quotient may be divided by a new Factor of the Diviſor, and ſo on 
to the quo. until the Diviſion is made by all the Factors; the laſt Diviſion being perfor- 


Ons 8 med, the laſt Quotient will be the Quotient of the Diviſion of the Divi- 
continua dend by the compoſit Diviſor. 


de cem. For Example, if 840 is to be divided: i þ the compound Diviſor 
or b parts 3c 5 K 73 Which may be expreſſed thus 77 ; inſtead of multiply- 
q ing the three Factors 3,597 one by the . and dividing the Dividend 
840 by their Product 105; the Dividend 840 may be firſt divided by 3, 

and the Quotient 280 that reſults. b 55 and the Quotient 56 ariſing from 
this laſt Diviſion, by 7, Which will give 8 for the laſt Quotient, the fame 
that reſults by dividing 840 by the Product 105 of the three Factors 355 


For PEN repreſenting the Diviſion of 840 by 3X5X7, if the 
Dividend 840. and Diviſor 3X 5X 7 be divided by. the ſame Number 3, the 
— 45 a7 new Diviſion 252 Fill give the ſame Quotient (Art. LVII.), and if the 

. ae, JEW ene 280 and Diviſor 5 7 be again divided by the Number 5; the 
76s : Diviſion 8 Y that remains to be performed will ſtill give the fame Quoti- 


* ow ent (Art. Lot ) wherefore by dividing 840 by 3, and the Quotient of this 
5 48 Go! by 35 & dividing again the new Qyotient by 7, there will reſult the 
Hy BY as will ariſe by dividing 1 by the TT Diviſor 

3K N. 


; found by Help of the Table of Pythagoras 
A ; | ng vertically under it until the Dividend is 
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The Quotient ada om f any Number leſs than 90, by 
nother Number leſs than to; and the Poles, Uh of »ſuch- a Divifion is "Tha deilea 
after the following Manner. der % han 


The Pivicor beinglookedonviobatthe'F 'Fo Kral the Table; and then 8 % by 22 X 
or a leſs. Number that ap- ther 7 vg : 


roaches the neareſt to it; the Number te to it in the firſt Column 4 ed — 


; pd the left Hand, is the Quotient of the Diviſion required. | 7 e table 


for Example, to divide 72 by 8. I look. our for © of eres 


| Let it be ropoſed, 
x ding vertically to 72; oppoſite to * 


at the Top of the Table, and deſcen 


W bich in che firſt Column, I find the Number 9. which in abe Quotient. 


* + 


quired, - l e 


Let it he propoſed to divide 78 17 9 23 look out foe 9 at the Top al. 
e Table, and deſcending vertically 6 9, and not finding 78; but 72 
ing leſs and opproaching the 1 27 ‚ to it; oppoſite to which in the firſt 
rolumn, I find the Number 8 for the Quotient of 1a divided by ꝗ; but 


$ it is 78 and not 72 that is eee eee 95 there will be a 

Lemainder 6 which cannot be divided. 

Let it be propaſed to divide 64 by 7. Ilook out for atthe Top. of 2 
under 7, and not finding but 6 


4 Proc the neareſt to gn 5oppolite.to which in the firſt Column, 1 find 4 
43 1 Iumber g fog: the Quotient of 63 divided by 7 ; - but as it is 64 and not 63 
4 3 ich is propoſed to be divided i, ” . will be a Re nainder- 1 which 


nnot be W 2 ** E248 FA 3 11 £ : By YE * 
2 * Kr * 
4 - 


hoy 1158 ane. Pie Proceſs of 

ure, the Computiſts., divi ** | e Dividend by the the method 
| tha beginnir the Diviſion by the Figures bee Units are of the > cron 
igheſt 1 y: 4 e for Example, that the Dividend confifts of another 4 
iree Figures, of im ple Units, of Tens and of Hundreds ;- "the Computiſts 1 by 


tgin by 3 — | 5 Part of the Hundreds which, can, be divided. i 155 as 


| | | bany equal Parts, as Pere, are. Ur 5 5 bk, - Then Teducin 


emainder of tht 5 eds. into th "to — Yor 


the Dryer, ts K. 


81 te de divided) -* 25 e, 
| rations 5 ys been anne | 


— * 


EA aE 


2 „ „ ee nee r 


LxI. 
| L.et it be required to divide 952 by 4. 
Having ſet down the Diviſor to the right Hand of the re 
Fiſt enam · Dividend, ſeparating them by a ſmall vertical Line or 4 52 f — 
ple ef che Crotchet; and drawing a Line under the Diviſor to ſe- 8 | 
| 7 parate it from the Quotient, under which is to be ſet— 
another re- down the Figures of the Quotient according as they are 15 
preſented by found; as in the Margin. 12 
12 begin - dividing the 9 Hundreds by 4; faying: —— 
the fourth Part of 9 Hundreds is 2 Hundreds; or more 32 
ſimply, the fourth Part of 9 is 2; which I ſet domnin 3 
the Qyotient in a Place which will be that of the Hun- 


&reds. 7 O00 
T0 determine the Part of the g Hundreds, I divided and | 
to find the Remainder of the Diviſion; F the Di- 


viſor 4 by the Quotient 2 Hundreds, and ſet down the Produt 8 Hun- 
dreds under the 9 Hundred; then deducting 8 Hundreds from g Hund-eds, 
the Remainder 4 Hundred will be the Part of the Hundredt which has 
not been divided by 4. 
| down to the right Hand of the Remainder 1 of the Hundreds, 
the 5 Tens of the Dividend, there reſults 15 Ten, to be divided by 4; I 
therefore take the fourth Part of thoſe 15 n, which can oui de 3 Tens 
with a Remamder. | 
I therefore ſet down 3 in the Quotient 1 in the Place of the 7. ens, that is, 
to. the right Hand of the 2 Hundreds which have den ſet down for the 
Quotient of the firſt Diviſton, 
JI?0 determine the Part of the 1 5 Tur that have not been divided, 1 
multiply the Diviſor 4 by the Quotient 3 Tens, and ſet down the Product 12 
Tens under the 15 Texs; then pp Tens from 15 Tex, the 
ane ene Tem will be the Part of 15 Tens which has not been 
compriſed in the Diviſion. | 


t de ror the right Hand of the R. main 3 Tens, the 2- Unite 
of the n dez by the ame 
Ce I therefore take the f rg pak which is 8, and ſet it 
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u MERAL ARITHMETIC. 


LX IT, 
: Let it be required to divide 7264 by 9. 
diſpoſed the Dividend and Diviſor as in the : 8 
Margin; I divide one after another all the Parts of BY 
the Dividend, beginning by the Thouſands, and pro- 72 al 
ceeding afterwards to Hundreds, and then to the ——— 
Tens, and Units. 5 
1% As the firſt Figure 7 eannot be divided by 63 
I join it to the following Figure 2, and divide 72 3 
uredt by 9, ſaying: the ninth Part of 72 Hundredk i w - x 
8 Finde, which I ſet down in the Quotient in a 
Place which will be that f the Hundreds, 
Io find the Remai this firſt Diviſion, I mukip y the Diner | 
by the Quotient 8; tting down the Product 72 7 the 92 which Second 24 
Vas to be divided, 1 edagt one from the other; and as there is no Re- Arges af s 
mainder, I ſet down a Cypher underneath to denote that the Diviſion of 72 — 


29 I bring down to the right Hand of the Cypher, the 6 Tens of the Divi- one 
dend to divide them alſo by 9; and as that is not poſſible, I ſet down a Cy- 

pher in the Quotient, in the Place of the Tens, as well to denote that there 
are no Tens in the Quotient, as to conſerve to the firſt Figure of the 
Quotient the Place of Hundreds: the 6 that has been ſet down and that 
could not be divided, will remain for the following Diviſion, | 


85 — 
* 


3 J bring down the 4 Units of the Dividend to the right Hand of the 6 
the Fw, with niches tf alto whkh e by-y/1, aud e <onteing 5 
= ſeven Times, I fet down 7 in the Quotient in the Units Place: and the 
1 Diviſion will be ended, with reſpett to the Quotient required ; ſinoe all the 
12 Figures that it conſiſts of have been found. To determine the Remainder 
the of the Diviſion, I multiply the Diviſor g by the Laſt Quotient ; and ſet- 
den ting down the Product 64 under 64, I deu it from 64, ; and find x tobe 


'the Remainder-of the Diviſion, 


t | Wherefere the Dividend 7264 being divided: by. the Diviſor 9, 
= _ - $67 for the Quotient, with a Remainder x which his mor bean nel; 6 
Fo maine macho 7263 divided by g. = $ 

| Ein: 

In General, when any Nunheria prepoled to'hp divided bank 8 

1 Compuiitts 61% determine the Number of Places of the Quotient, by tet fr a. 
a& pekbg off fo many Places from the right Hand of the Dividend, as are e- N 
8 qual to, or wot exceeding the Frodeltet the Diviſor-into any of the Nine aueh. 
od. Figures t e ee, eee e ane an b. being 
5 equal te the Number of Places in the Quotient. To find afterwards 


A the Figures correſpo ling to thoſe Places, beginni by the Figure whole 
8 Vnitsace-of the higheſt Degree, — Figuoe of the Places | 


Hundreds by 9, gives exactly 8 Hundreds for Qyetient. — 


= 
„ — 
T a 


„ 


the © -RLEMENTS OF 


pointed off in the Dividend, which is called the firſt Member of the Diviſi- 
on by the firſt Figure of the Diviſor, when this Member and the Diviſor 8 
conſiſt of the ſame Number of Figures, or the two firſt Figures of this 
Member when it has one more; whereby is diſcovered the Number of 
Times the Diviſor is contained in this Member, which is repreſegted by | 
the firſt Quotient Figure ſought. They then ſubtract the Product, of the 
Quotient into the Diviſor from this Member, and to the Remainder affix 
the next Place in the Dividend, which will be the ſecond Membe®# ! 
diviſion ; with which they proceed as before, and if the Diviſor is not once 
contained in any Member, they increaſe the Quotient with a Cypher before 
any new Place is taken down to the right Hand of this Member 4 


„ai. 
„ Let it be required to divide 32 469. = 
Having ſet down the Diviſor to the right Hand of | 469 
3 the Dividend as in the Margin, I obſerve that as the 3239014 —- þ 
thod explain- Dividend contains Tens ef "Thouſands, and the Divi- 2814 69 
ed by an ex- for Hundreds, and that one Hundred is contained in - £ 
_ Ten Thouſand a Hundred Times, the Quotient may 4221 
.contain Hundreds, but no Units.of a higher Degree. 4221 
It is Queſtion therefore to determine how many Hun- :- 
dred Times, how many Tens of Times, how many U- 0000 


mits of 'Timey, the Diviſor is contained in the Dividend. | ; | 
To determine how many Hundred Times the Dividend contains the 
Diviſor, I point off ſo many Places from the right Hand of the Dividend as 
there are in the Diviſor, that is, 4 Point off the Part 323 of the Dividend, 
which really is 32300 ; ſetting aſide for a moment the two laſt Figures 61, 
and divide 32300 by 46g, to:diſcover how many Hundred Times 469 is 
contained in 32300; to effect which, I obſerve that it ſuffices to divide 
323 by 469, conſidering the Quotient Figure not as repreſenting ſimple i 
«Units, but Hundreds. But as 323 can not be divided by 469, I concluge | 
that the Quotient will not contain Hundreds. It would have contained 
Hundreds if inſtead of 323 there had been 323, or in general a Number | 
equal or greater than 469: for then the Quotient would contain at leaſt 1 
Vnit of the third Degree, or 1 Hundred. The Units therefore of the i 
higheſt Degree that the Quotient can contain will be Tens, but it will 
neceſſarily contain Tens, becauſe the Dividend having two Figures more 
than the Diviſor, is neceſſarily. ten Timęs ꝑteater than the Diviſor, in effect 
469 repeated ten Times gives 4690 Which has a Figure leſs than 32361 ? 
Is conſider therefore how / often 32360 contains 469, ſetting aſide for a mo- 
ment the Number 1, or what amounts to the ſame Thing, I conſider how | 
often 3236 contains 469, remembring that the Quotient Figure will repre- 
ſent a Number of Tens; but 32 36 can not contain 469 oftener than the 
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Number 32, (the two firſt Figures of the Dividend) contains the firſt. Ei- 
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effect 


* firſt Figure of the Diviſor. 
Which is real 


vided by 469, and that 69 is the Quotient of this Divi 
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gure 4 of the Diviſor: for 32 contains 4 eight Times, and if, for Example, 9 


zs ſet down in the Quotient inſtead of 8 ; multiplying 469 by 9 there 


would reſult a Number greater than 3236 for 4 times g giving 36, the two 


firſt Figures of the Number equal to 9 Times 469 would be greater than 
the two firſt Figures 32 of the Number 3236 ; ſo that it ſuffices to di- 
vide by the firſt Figure of the Diviſor- the firſt Figure of the Member of 
the Diviſion, when this Member conſiſts of as many Figures as the Divi- 
ſor, or the two firſt Figures when it contains one more. 


* / ” 

23 

” 1 
3 


However we are not to conclude that this Operation will never give too 


much, but it is certain it will never give too little, and it is for this Reaſon 


that the Computiſts divide the firſt Figures of the Member of the Diviſion 
When the Diviſion gives too great a 


otient, as in the preſent Caſe, where 8 is too great, and even 7, I di- 
miniſn ſucceſſively the Quotient until I find one that is not two great, 
which is 6 Tens, which I ſet down in the Quotient. I afterwards mul- 


tiply the Diviſor 469 by 6 Tens, ſubtracting the Product 2814, which 


is really 28140 from 3236 which is really 32360. To the Remainder 422 


4220, I add the 1 1 ſet aſide, which will be the ſecond 
Member of the Diviſion, and divide 4221 by 469: proceeding as before, I 
find it is contained g9 Times, which I ſet down in the Quotient in the Units 


Place, that is, to the right Hand of 6, and multiplying the Dividend 469 


by the Quotient g, and ſubtracting the Product from this Member of the 


viſion, and there being no Remainder, I conclude that 32 361 is exactly di- 
ion | 

When as many Places has been pointed off in the Dividend to the 

right Hand, as there are in the Diviſor, or one more if neceſſary, it is eaſy to 

perceive that the Quotient will conſiſt of as many Figures more one, as 

will remain in the Dividend. For Example, let 523032 be propoſed to 


be divided by 469, having pointed off '523 which conſiſts of as many 
Places as 469, there will remain three Figures 032, I ſay the Quotient ſhould 
. contain three Figures more One, or Four: for it is manifeſt that 52 3000 


is a Thouſand Times greater than 523, which is greater than 469 ; 


and that 5 23032 is leſs than 469 repeated Ten Thouſand times, becauſe 


General rule - 


for finding 
the number 
of places 
that a quo- 


tient of a di- 


viſion will 


conſiſt of. 


4690000 conſiſts of a Figure more, therefore the Quotient ſhould contain 


Thouſands, and not Ten Thouſands, and therefore ſhould conſiſt of four 
Places, neither more nor leſs. If the Dividend was 1523032, pointing 
off 1523, which has a Figure more than the Diviſor 469, it will appear 
in like Manner that the Quotient ſhould conſiſt of four Places, neither 
more nor leſs; hence | 


4 


5 


It remains to explain why in the Quotient, more than g, is never ſet 


+ 


down at once, which will eaſily appear when it is obſerved that a Mem- 


— 


more nor leſs ;,, whence it is that a Cypher is ſometimes ſet down in the 
Quotient and ſometimes ſeveraal. n 


Why in each 


operation of 
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80 95 POTEN 1 or 

diviſion « ber of the diviſion is always lefs thun ten Times The Diviſor ; for er 
— UE of the Diviſion conſiſts of as many Figures as the 'Diviſor, or of one 
1 not ſet. more: In the firſt Caſe it is manifeſt that it is lefs than the Diviſor re- 
down in the peated ten Times, in the ſecond Caſe, if a Figure be taken from the 
Waotient. Member of the Uiviſion it will be lefs than tlie Diviſor, therefore the 

Member of the diviſion with this Figure reftored is tefs than ten Times 


the Diviſor. 
ber & he ries N 5 tay. 
| | YL t it be requiret to dfui 12 5 
Second ex- Having difpoſed the Dividend and Divifo 4 897 
ample of the in the Margin, and obſerving that ply a Fi. ." | 
given ve. Zures of the Diviſor, form a Number greater than 4448 5096 
vreſeated by tlie three fifft Figures of che Dividend to the left 
Teveral fig- "Hand ; I. Font off 4571 for the firſt Member 86411 
n of the divifion, and as there remain three fi. 03 
- 112 in the Dividend, the Quotient will | . 
Conſiſt of four Places of Figures. Korg „„ 
To determine the Numbers correſponding to 0 
*choſe Places, inning by that whoſe Units are Cs 
of the higheſt 1 cohſider ho often the . . 0000 


Diviſor $97 is contained i in the firſt Meniber of 


"the diviſion 4571, and find57Þvyſands for the fitſt Figure of the we 


To find the'fecond Figure of the Quotient, I multiply the Diviſor 
897 by the Quotient 5, and ſubtract the & 4485 from 45) 1, and to 
the Remainder 86 I affix the 1 Hanmtred of the Dividend, ſetting a Point 

"over it to denote that it has been brot Fit down; which will be the ſecond 


Member of ithe Diviſion, ard divide 861 by 8 97, and as that can not be 


Bone, I ſet downa Cypher in the Se 48 2 to denote that it con- 
kains 10 H. 


To diſcover the third Figure of the QuotientFI af tor86 1 che 1 Tenof 


_ the Dividend, (ſetting a pemt over it) Which will be the third Member of 


the- dtwifion, and -confider how often 897 is contained in 8611, dividing 


386 by 5, ard I find ꝙ for che 'third Fi igute of the Qpotient. 


"To determine the fourth and laſt of the Quotient,:I multi ly | 


"the 'DiviſorBy7 by the 1 8 fabtract che Product: 503 from 861 
Aud tothe Reminder 5 1 185 the Units of the Dividend (fetting « 


Point ober it) Wien wil de be _ fourth Member of the Divifion, and con- 
"fider Row $ften 8). is. cntained in e Aviding 53 by 8, and I find 


"6 for the Fourth and laſt F 
*Diviſcr 49 by the Quottent 6, and fu 
Member of the diviſion, and there being no Remainder, 


Quotient, and multi iplying the 
nelude that 


3 1 . and dar 0 che Quotient of Tl 


R. r ee. sen 


oon ra 


untreds,-asto pteſerve to tie firſt Quotient Figure found its Place. 


the Product 8 8³⁰ 382 ffom this 
c 
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tient; I ſet down two Cyphers to the ri 
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VV 
. ab ta divide 239200 by, 35 es 
_ The Dividend and Diviſor being diſpoſed: as 17" 
in the Margin, the Diviſor 52 not being contain- 2.392, 0 — 
ed in the two. firſt Figures of the Dividend to 208 e 
the left Hand; I Point off the three Figures 239, — | 
and there being three Figures 200 remaining in 312 


the Dividend, I conclude that the Quotient will — $2 
canſift of four Places of Figures. — 


To determine the Numbers correſponding to thoſe £00 

Places, beginning by that whoſe Units are of the 
Degree; F enntulee ove aſten the Diviſer 52: is contained in the 4$1;.5 er- 

firſt Member of the Diviſion 239 Thay/ands, and find 4 Thouſands for armple of the 
the Quotient with a-Remainder 31 Thouſonds. — 

To determine the ſecond Fig 
dreds of the Dividend to the Remainder 31; and dividing 312 Hundreds ter 
by 52, find 6 Handrode for the Quotient withous a Remainder. | * 

To continue the Diviſion, to the Rute | En 
two Cyphers of the Dividend ſhould be ſueceſſively taken down ; hated nc” 


of thoſe affixed to the Remainder o _ divided by 52 will gives eo for Quo- 
a Hand of the Qpotient already 


| Whencethe Quotient of the 


The general Rule for 6 


the ſame Denomination ; by 
after the Decimals of the 'Term 
other, as many Cyphors as ate — 
222 Div hore — pared, they are 

rvifer pre . 
other, without to the Commas which 


For Sangha, if e 

Tentbs, 144 oa he TN 
than the end, I for 4 
dend. [unto ggart 


re of the Quotient, I bring down the 2 Haw: pet by 
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! 


the Diviſor (1, 44), all the Figures of the Dividend and or will be ad- 
vanced two Places, and thereby will be rendered centuple of what they 
were, that is, they-will be multiplied both one and the other by 100. The 


ded by (1, 44). ; 
If therefore, to the right Hand of the Divides and Divifor there be 


annexed Cyphers to make the Number of decimal Figures equal in both, 
and the new - Dividend be divided by the new Diviſor, after ſuppreſſing 
the ſeparating Points, the Quotient ſought will be obtained. 

"LL TEL 


- Denomination, by annexing to each the ſame Number of decimal Fi- 
gures; andthe Diviſion is performed as if the Dividend and Diviſor had no 
decimal Parts; the Quotient ariſing will conſiſt of ſimple Units; 
ſeldom happens that the Diviſor is contained in the Dividend a certain 


found neceſſary to reduce into decimals the Part of the Units Time 


will be explained | in the following Articles, | 

h : LXX., 
| Diviton of To divide a Number which has decimal Pars s a Divicr. that — 
numbers con- none; the Dividend is to be divided by the Diviſor as if the Dividend 


| mT had no decimal Parts : and when the Quotient is found; ſo ede Þ decimal Fi- 


| ethers: that gures are to be ſeparated with a Comma, as e are in the Pividend: as 
| bave none. will ner by the following Example. 35 
Toll LEK bs nv 
| | bak. df -atche required to dinide 6. 88) 5 23 - 
nd 1 divide (79, 88), by 23 as if it was propoſed to di- 
vide 7958 by 23: and having found 346 for the Quo- 795,5 155 LN 
tient; I ſeparate with- a Comma two decimal Fi- 6 9 3 4 
gures in this Quotient; and there reſults (3, 46) for 
the Quotient of (79, 58) by 23. Which will eafily 105 : 
appear, when it is obſerved that the Number (79, 58) ' 92 
propoſed to be divided, denotes 7958 Hundretbs; and — Sie 
the Diviſor 23 denotes that the twenty third Part of 138 
- this Dividend 7958 Hundreths is to be taken. Now. 138 
ſimce a Part of a Number whoſe Units are eee, C 
will alſo conſiſt of Hundretbs: the Quotient 346,found/. oo 7 79 


by dividing 7958 Hundreths, by 235 can conſiſt of no 
other Units than. Hundrzths ; conſequently ſhould expreſs 346 n 
whence each Figure of this Quotient -: 
towards the right Hand; which is effected, by ſeparating with a Comma, 
two decimal Figures, N as 


Suppreſſing the feparyting Points both in the Divideod (172,80) Y in 


Quotient therefore wal be the tame (Art. LV1II.) as that of 0 12, 80) divi- 


When the Units of the Dividend and Diviſor are reduced to the fangs : 


but it 


Number of Times without a Remainder : and in this Caſe, it may be 


that the Diviſor is contained in the Dividend. Thoſe different Caſes: | 


ould be BS two. Places 


conta! 
Monti: 
ſoule 
its ſep 
be rer 
Figur 
W that 1 
0 Quoti 
1 pared, 
©. decim 


1 Raw UW - 
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following Example. 


4 


2422 : 


arry on the Diviſion until the Quotient ſhall not differ from the exaQ riots 


WWQuotient, by a decimal Unit of any propoſed Order. Cyphers muſt be Ouetient of 
annexed to the Dividend, until the Place of the Decimals of the loweſt a Diviſion 


order that the Quotient ſhould contain is filled up. And the Dividend "ore Hagen 


B hus prepared being divided by the Diviſor, as if it did not contain any tains no de- 


decimal Parts; ſo many Decimals muſt. be ſeparated by a Comma in the cimal Parts. 
Quotient, as there are in the Dividend prepared, as will appear by tige 


i | nin. e „ 
== Let it be propoſed to divide (103, 2) by 33, and to find à Quotient that 
1 hall not differ from the exact Quotient by a thouſandth Part of an Unit. FN 
to it two Cyphers to fill up the Place of the Hundreths, and of the — 

Thouſandths ; becauſe the Error of the Quotient ä ample, 
= muſt be leſs than 1 Thouſandth, the Diviſion 103, 200 — 
ſhould be carried on to T houſandths. e 99 3127 
The Dividend being thus prepared, I divide — e 
= (103,200) by 33; without attending to the ſepa- * $45; 
rating Point, and I find 3127 for the Quotient 33 
which ſhould oy e Thouſantths ; as the opti: 


vidend is compoſed of Theuſandths : whence this 90 
Quotient ſhould be (3,127). N 66 
As it is not poſſible to put an Unit more in the — 

Quotient 3, 127, without rendering it too great; 240 

and that this Unit can only be 1 e ae. it 231 

is manifeſt that the Quotient (3, 127) found, tho? — 
not exact, yet does not differ from the real Qgo- Pe 

tient by a thouſandth Part of an Unit. . 5 

| LEXIV, | 


carry on the Diviſion until the Quotient ſhall not differ from the exact approxima- 
Quotient by a decimal Unit of any propoſed Order: If the Diviſor dug te the. 
contains no decimal Parts, Cyphers muft be annexed to the Dividend, 2 Diviſion 
until the Place of the Decimals of the loweſt Order that the Quotient when the 
mould contain, is filled up. But if the Diviſor contains decimal Parts; urn ia 
its ſeparating Point muſt be ſuppreſſed, and that of the Dividend muſt the Diri- 
be removed ſo many Places to the Right Hand as there were decimal dend. 
Figures in the Diviſor: then Cyphers muſt be arinexed to the Dividend. 
chat it may contain as many decimal Places as it is propoſed the 
Quotient ſhould contain. The Dividend and the Diviſor being thus pre- 
pared, they muſt be divided one by the other, as if they contained no 
decimal Parts. e BP 6 Ep 4 
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| /To divide any Number by a Diviſor that has no decimal Parts, and Method orf 


As the propoſed Dividend contains in Decimals, only Tentbs; I annex ing Method 


To divide any Number by a Diviſor greater than the Dividend, and bed dt 


Quotient of 
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Firſt Ex- Having placed a Comma to the right Hand of the Number 2 to be 


that the Place of hundred thouſandths may be fil- 189 
led up. I divide the Dividend (2, ooooo) thus 1 Ling 338 
prepared, by 189, as if this Dividend did 1.99 Uoggrogs 


not contain decimal Parts, and I find 1058 for 
the Quotient, which ſhould repreſent - hundred 1100 
thou ſandtbs, as the Dividend 1s compoſed of 945 
bundred thouſandths ; whence its Figure 8 tothe  - 1550 
right Hand ſhould ſtand in the Place of Hun- 1512 

dred Thouſandths, and conſequently in the fifth — 
Place to the right Hand of the ſeparating Point. 38 

I therefore ſet down a Cypher to the left Hand of the Quotient 1058 

refixing a Comma to it, that the Quotient may conſiſt of five decimal 

Figure as the Dividend, and there reſults (0,01058) for the Quotient. | 


Let it be propoſed to divide (0,025) by (1,89), and to carry on the Divi- 
_ until the Quotient ſhall not 4 F. from the exad} Quotient by the Mil- 
lionth Part f an Unit. | | gets | 


Secondex> Having ſuppreſſed the ſeparating Point of the WW 
' ample. Diviſor, I remove the Comma of the Divi- ef Hh 
dend two Places towards the right Hand, be- 189 CQC0,013227 
cauſe there are only two decimal Figures in — | 
the Diviſor. The Dividend and Diviſor will 610 
thereby be multiplied by 100, (Art. 1x) and the 56 
Value of the Quotient will not be altered (Art. | 
TVI). The Diviſion therefore will be reduced 430 
to that of (002,5 or 2,5) by 189. As the Divi® — 9378 
ſion is to be carried on to Millionths, which are inns 
Decimals of the ſixth Order, which ſtand in 520 
the ſixth Place to the right Hand of the Com- 378 
ma; and that the Dividend (2, 5) has already a — 
decimal Figure, I annex five Cyphers to this 1420 
Dividend, and divide 2, 500000 by 189. s 1333 
The Diviſion. being performed, there reſuls —U—œ 
13227 for the Quotient: and as the Dividend | . 


1058 


eimal 


* 


Example, and in the following. 


ad infinftum. 
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the Quotient, of (2,500000) divided by 189, or for that of (0,025) 


divided by (1,89). AS Hs: 2 
As the Dividend (2,500000) which denotes 2500000 Miilionths is not 
exactly diviſible by 189; after the Diviſion there is a Remainder 97 
e ://onths, which cannot be divided by 189, unleſs it ſhould be pro- 


poſed that the Quotient ſhould contain Decimals of an inferior Order 


to Millionths. 


If the Diviſion ſhould be carried on * Himlred Millionths, which 


= are Decimals of the eighth Order, two more Cyphers ſhould be annexed - 
to the Dividend, that is (2,50000000) ſhould be divided by 189: and 
chere would reſult for Quotient 1322751 Hundred Milliontbs, or 
= (0,01322751) with a Remainder 61 Hundred Millionths. Z 


In fine, if the Diviſion was carried on indefinitely, there would 


eeſult for Quotient (0,01 322751\322751 322751 &c.), the ſame Figures 
= 322751 being continually repeated. 58 


When it is required to expreſs in decimal Parts, the Quotient of a quotient 


Figure or Period of Figures will continually recur as in the foregoing oben ot be 


5 725 „ > onngh 
10 If 1 be divided by 3, there will reſult (o, 3333 &c.), that is, the 2 . 


Quotient will conſiſt of three Tenths, three Hundreths, three Thou- is expreſſed 
ſandtbs, and ſo on continually ad infinitum. | byadecimal 


20 If 1 be divided by 6, the Quotient will be found to be 0,16666 &c. Gfting of e. 


that is, the firſt Figure of the Quotient will be 1 Tenth and all the qual periods 
| | of Figures 


other decimal Figures will be 66. 4 % RES 
3 If 1 be divided by 7, there will reſult (o, 142857 142857 &c.) that each other 
is, after the ſix firſt decimal Figures 142857 of the Quotient are found, d infnitum 
the ſame Figures will recur for the ſix following ones, and ſo on conti- 
nually ad infinitum. - _ | | 1 7 

4* If 1 be divided by 24, the Quotient will be found to be 


(o, 41666 &c.) that is, the three firſt decimal Figures will be 041, 


* which repreſent 41 Thouſandths, and all the decimal Figures following, 


ad infinitum, will be 6. J ö’5?˙19ỹh OG 
When the ſame Figures recur in this Manner in a Quotient, two 


- Periods only of thoſe circulating Figures are ſet down, with an &c. 


* 


annexed to them, to denote that thoſe Periods will continually recur, 


M NUMERAL ARITHME TI ˙T·:d/ 3 
N 4 | conſiſts of Millionths, this Quotient will alſo reckon M;/lionths ; fo tht 

ies laſt Figure 7 ſhould ſtand in the ſixth Place to the right Hand after 
che Comma. I therefore ſet down a Cypher to the left Hand of this 
Quotient, prefixing a Comma to it, and there reſults (0,013227) for 


Diviſion that cannot be obtained without leaving a Remainder, after a of a Du. 
certain Number of Figures of this imperfe& Quotient is found, the ſame ſion 


* 
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|. . „„ ELEMENTS 9 


| | ; +5, 4+ BEEVITE 8 3 1 . 
Property of Every Number leſs than 9 will give for Quotient an infinite Series 7 4 
the Digit 9 of Decimal Figures, the ſame as that of the Dividend: For every Num- 
vides Num- ber leſs than 9 cannot be divided by 9, until it is reduced into Tenths, Wn 
bers leſs and then will be equivalent to as many Tens of Tenths, as it conſiſts 
than itſelf. of Units; now each ten Tenths will give 1 Tenth for Quotient with a 
Remainder 1 Tenth. Wherefore all the Tens of Tenths of which the nn 
Dividend is compoſed, will give as many Tenths for the Quotient and 
Remainder as there are Units in the Dividend; conſequently the firſt e- 
eimal Figure of the Quotient, and the firſt decimal Figure remaining will 
2 be the ſame as that of the Dividend which is ſuppoſed leſs than g. 
E | Since the remaining Figure of the firſt Diviſion 1s equal to that of 
| the Dividend, and is to be divided by 9, it muſt be reduced into Hun- 
dreths, and conſequently will give as many Hundretbs for Quotient 
and Remainder as the Dividend contains Units, and fo on ad infinitum. 
For Example, if 7 is propoſed to be divided by 9, I reduce the Dividend 
into 7 Tens of Tenths, Now each ten Tenths being divided by g will give 
1 Tenth for the Quotient, and there will remain 1 Tenth. Wherefore 
the 7 Tens of Tenths being divided by 9, will give 7 Tenths for the 
Quotient, and will alſo give 7 Tenths for the Remainder. | 
Since thoſe 7 Tenths remaining after the firſt Diviſion cannot be 
divided by 9, I reduce them into 7 Tens of Hundredths, and as each 
ten Hundreths divided by 9, will give 1 Hundreth for the Quotient with 
a Remainder 1 Hundreth, the 7 Tens of Hundredths will give 7 Hun- 
. dreths for the Quotient, and 7 Hundredfhs for a Remainder, the ſame 
is to be ſaid of: the e &c. that is, each decimal Figure of 
the Quotient and of the Remainder, will be the ſame as the Figure of 
the Dividend. | EC 5 
: | | | LXXIE. | | - 
Method or Whence is derived an abridged Method of multiplying, when the 
multiplying Multiplicator is a Number repreſented by the ſame Figure ſeveral 
x Ang, Times repeated. Let it be propoſed for Example, to multiply 3787 by 
equal Peri- 5555. I multiply 3787 by the repeating Figure 
ods of Fi- 5, annexing as many Cyphers to the Right 3787 


erding each Hand of the Product, as the Multiplicator con- $0000 : 
ether. - fiſts. of Places. I then divide the Number 97189 350000 
that reſults 189350000 by 9, neglecting the 21638888 
Remainder of the Diviſion, and from the Quo ——————— XK 
tient 21038888 I ſubſtract the Number repr. 2103 
ſented by as many Figures of this Quotient to 21036785 
the right Hand, as there are Places of Figures in the Multiplicator, 


the Remainder will be the Product require. 
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0 Product required, is equal to 18935 K 1111, but 


the Dividend. For every Number leſs than 99, cannot be divided by ;: 


give 
refore 


8 


NUM E R AL ART T HME TI 8 po 3 1 
18935910, . 18935X100, 189351000, the Sum of which, or the 1 
| 18935X 10000 3 
i wee 


21038888, 8888 &c. is equal to 189351111 more 18935, 1111 &c.. 


ee cn or 2103,8888 &c. is equal to 1893X,1111 &c. where- 


"9 1 5 
fore deducting 2103,8888 &c. from 21038888,8888 &c. that is 
18935X»I111 &c. from 1893541111 more 18935, 1111 &c. the Re- 
mainder 21036785 will be equal to 18935X1111 the Product required 


of 3787 into 5555. 580 8 
; Dr. 


Every Number leſs than 99, divided by 99, will give for Quotient W 
an infinite Series of decimal Periods of two Figures equal to thoſe of culiar to al! 

Diviſors leſs 
99, until it is reduced into as many Hundreds of Hundreths as it conſiſts fan tl 


of Units; now each hundred of Hundreths being divided by 99, will Terms of 
the progreſ- 


give 1 Hundreth for Quotient, with a Remainder 1 Hundreth ; where- fonfies 19 


tore all the Units of the Dividend will give for Quotient a Number of 1000, 
Hades; CONTIN BY the ſame Figures as the Dividend, and there 10,000 
will remain the ſame Number of Hundretbs, and ſo in like Manner of 1 


* 


the other Figures of the Quotient. leſs than 


For Example, if it was required to divide 42 by 99, I reduce the Di- chemſelven 
vidend 42 into 42 Hundreds of Hundretbs, and each hundred Hundreths - 
divided by 99, giving 1 Hundreth for Quotient, with a Remainder 1 
Hundreth, the 42 Hundreds of Hundreths will give 42 Hundreths for the 


Quotient, with a Remainder 42 Hundreth}; ſo that the Number of 


Hundreths of the Quotient, and the Number of Hundreths of the Re- 
mainder will be expreſſed by the ſame Figures as the Dividend 42. 

As the 42 Hundreths remaining, cannot be divided by 99, I reduce 
them into 42 Hundreds of Hundreths of Hundreths, that is into 42 


Hundreds of Ten-T houſandths, but each Hundred of Ten-thouſandths being 


divided by 99, will give 1 Ten-thouſandth for Quotient, with a Re- 
mainder 1 Ton thouſandth ; whence 42 Hundreds of Ten-thouſandths 
will give 42 Ten- tbouſandibs for the Quotient, with a Remainder 42 
Ten-thouſandths ;, wherefore the Number of Ten-thouſandths, 


of the Quotient and the Number of Ten-tbouſandths of the 


Remainder, will be expreſſed by the ſame Figures as thoſe of 
the Dividend 42, and it will appear in like Manner that all 
the other Figures of the Quotient will be equal two by two to thoſe of 


the Dividend, which are ſuppoſed leſs than 99; whence dividing 42 by 


29, there will reſult for Quotient (0,42 42 4a &c.). If the Number to 


55 be divided by 99, was repreſented by one Figure, for Example, if 3 


N 
„ 
» pm +4 1 $ 
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or os, was to be divided by 99, I transform 5 into 50 Hundredtht, 
which I divide by 99, and there reſults for Quotient (0,05) that iss 
Hundreths with a Remainder (0,05), I transform this Remainder intd 
500 Ten-thouſandths, which I divide by 99, and there reſults 5 Ten- 
Thouſandths or (o, ooo5) with a Remainder 5 Ten-Thouſandths or 
(0,0005); ſo that the Quotient will be compoſed of ſimilar decimal Pe- 
riods, each conſiſting of the two Characters 05 equal to thoſe of the 
Dividend, that is, E or os being divided by 99, will give for Quotient 
(0,05 oz &c.). In fine, any Number divided by another Number greater 
than it, all whoſe Figures are ge, will give for Quotient an infinite 
Series of decimal Periods, conſiſting of as many Figures as 
the Diviſor, and each of thoſe Periods having the ſame ſignificative 
Figures as the Dividend; ſo that if the Dividend has leſs Figures than 
the Diviſor, there will be places in each Period filled up with Cyphers, 
ſet down to the left Hand of the ſignificative Figure or Figures, equal 
. to thoſe of. the Dividend. $4, | | po 
| > | Wo > > og Og 7 , | 
Method of Reciprocally the Sum of an infinite Series of decimal Periods, con- 
; ——— fiſting of the ſame Figures, is equal to the Quotient of one Period di- 
le and com- vided by a number, confiſting of as many 9s as there are Figures in the 
pound re- Period. | | © Ee 55 
perenc® are For Example, the Series (o, 333 &c.) each of whoſe Periods conſiſts 
g of one Figure 3, is equal to the Quotient of the Diviſion of 3 by g, or 
of 1 b z, : | | | CE OY 
＋ be Series (0,23 23 23 &c.) each of whoſe Periods (23) conſiſts of 
.two Figures, is the Quotient of the Diviſion of 23 by 99, | 
The Series (0,087 087. 087, &c.) each of whoſe Periods (087) conſiſts 
of three Figures, is the Quotient of the Diviſion of 087 or of 87 by 


os: | | 
The Series 0,001 O01 001 &.) each of whoſe Periods (001) conſiſts - 
of three Figures, is the Quotient of the Diviſion of o01 or of 1 by 

-999, and ſo on. | An... 8 05 

According as the Comma or ſeparating Point of any propoſed decimal 
e ke Number, is advanced one Place towards the left Hand, its Value is 
whene: fim-thereby rendered ten Times leſs. For Example, if in the Series 
ple andeom- (o, 298 298 Kc.) the Comma be advanced one Place to the left Hand, 
— there will reſult (o, 298 298, &c.) whoſe Value is ten Times leſs than 
ded by Cy- that of (0,298 298 &c.) if the Comma be again advanced one Place 
mw are de- to the left Hand; there will reſult (o, oo298 298 &c.) whoſe Value is 
wee ten Times - leſs than that of (o, o298 298 &c:) or a hundred Times leſs 
than (o, 298 298 Kc.) and ſo on. VVV 
But the Series (o, 298 298 & c.) compoſed of equal Periods, the firſt 
beginning immediately after the Comma, is the Quotient of the Divi- 
ſion of 298 by 999. 1 7 5 e 


NUMERAL ARITHMETICK. 
| Wherefore the Series (0,0298 298. 298 Kc.) whoſe Value is ten Times 
leſs than that of the Former, is the Quotient of the Diviſion of 298 
by 9990, that is equal to = and the Series (0,00298 298 &c.) whoſe 
Value 1 is ten Times leſs than. the. in is the Quotient of the Divi- 


298 
ſion of 298 by 909900, or is equal to 1 and ſo on; that! is, when 


_ : Series of decimal Periods does not immediately begin after the ſepa- 


rating Point, it repreſents the Quotient of a Diviſion, the Dividend of 
which, is equal to one Period; and the Diviſor conſiſts not only of as 
many ge as there are Figures in the Period, but alſo of as many Cyphers, 
as there are Places between the Comma and * fr ee _ 


of the firſt Period, 
LXkXII 1. 


Beſides thoſe decimal Series that conſiſt only of lan Periods, thing 3 of © 


are others, that independant of an infinite Series of equal Periods, in- finding from 
clude a certain Number of decimal Figures, after which begin the * 
e and com- 


equal Periods. Such are the following, o, 1666 &c. 0,08 33 3 Kc. pound repe- 


 ©,004 629 629 &c. dekeendæs preced 
'The firſt of thoſe Series o, 1666 &c. conſiſts of % 1 and an infinity ar by Acer BH 
of Periods of 65. e 


The ſecond o, 08333 &c. conſiſts of a Part 0,08: and an infi- figures are 
nity of. 4% * derived. 
The third 0,004 629 629, is compoſed of a Part 0,004 and an infinity. 


of Periods 629, and ſo on. 
To diſcover from whenee thoſe Quotients are derived; for Example, ; 


to diſcover from whence the Series 0,004 629 &c. is derived, l ſeparate the 


infinite Series of Periods from the decimal Figures that precede them, . + 


in order to form two decimal Numbers of the propoſed one, and there 
reſults 0,004 and o, 00629 629 &c. contained in the. given Number - 


0,004 629 629 &e. | 
Now the firſt Part (0,004) which denotes- 4 Thouſandths, i is equal : 


to 3 4 5. TThe.ſecond Part 0,000629 629 &c. which conſiſts .only of ; 


an infinite Series of equal Periods, is equal to 555508 . « Whareload ths 1 
Sum of the two Parts 0,004 and o, o00 629 629 &c. or the propoſed deci - 


mal Series 0,004 629 629 &c. is equal to the Sum of the two Diviſions - 


4. 629 
; EE Se Muldphing the Dividend and Pier of the 61 Dr 


1 


oy 
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96 629 


39 
viſion * 999, chers retults - —— and 999000 
8 


999000 or 275 (found by dividing its two Terms by the D 
4625) will be the Diviſion from whence the propoſed decimal Series 


| 0,004 629 629 &c. is derived. 


and their i Sum | 


r 
To abridge the foregoing Operation of Diviſion, the Computiſt inſtead 
of ſetting down the Products of the Multiplication of the Diviſor inte 
the Figures of the Quotient, deduQ from the Dividend the Figures of 
thoſe Products according as they find them. Let for Example 7958 be 
propoſed to be divided by 23, placing the Diviſor at the right Hand of 
the Dividend, as in the Margin, and beginning tge ( 2 
Diviſion by the Figures of the higheſt Denomination, 7958 | 
I firſt divide 79 Hundreds by the Diviſor, and there re 
ſults 3 Hundreds for the firſt Quotient Figure. 105 
To obtaingthe Remainder of this Diviſion, I multi- — 
ply the Diviſor- 23 by the Quotient, and -dedut the 138 
| Figures of the Product according as I find them from =-—— 
Method of the Dividual 79. Saying :. 3 Times 3 is 9, which I de- o 


age. duct from the g of the Dividend, and there being no 2» b 
ons of Divi- Remainder, I ſet down a Cypher under the , then ſaying 3 Times 2 is 23 þ 
ſion. 6, which I dedu@ from the Figure 7 of the Dividend, and ſet down W 
the Remainder under the 7, whence from the Diviſion of 79 Hun- 1 ded 
dreds by 23, there refults for Quotient 3 Hundreds, with a Remainder let 


10 Hundreas, which could not be divided by 23. 
To find the ſecond Figure of the Quotient I bring down the 5 tens of 
4 the Dividend to the right Hand of the 10 Hundreds that remain after 
the firſt Diviſion, and divide 105 Tens by 23, ſetting down the Quotient 
4 Tens at the right Hand of the 3 Hundreds, To obtain the Remainder 
8 this ſecond Diviſion of Tens, I multiply 23 by 4, and deduct the Fi- 
gures of the Product according as I find them, from the ſecond Member 
of the Diviſion 105, ſaying: 4 Times 3 is 12, which is to be deducted 
from 5, but as this cannot be done, I borrow 1 Ten, or an Unit of a ſu- 
perior Degree, and adding it to 5, I deduct 12 from 15, and ſet down 
the Remainder 3 under the 5, then ſaying: 4 Limes 2 is 8 and 1T bor- 
rowed, which is to be deducted, is , and deducting 9 from 10, I ſet 
down the Remainder. 1 underneath, ſo that the Remainder of the ſecond 
Diviſion will be x3. | 
To find the third Figure of 4 Quotient, 1 bring down hey Unite of 
. the 5 to the rig Hand of the 1 3 Tens TY of the. wWego- 


- ih # | 
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ing „ Diviſion, 0 ties RP TRAP Units ' to be Jivided 1 23 1 „ „55 N 
zives 6 Units for the Quotient, which I ſet down to the right Hand o  _ MJ 
the two Figures 34 already found. To obtain the Remainder of ie 
Diviſion, I multiply the Diviſor 23 by 6; and ſubtract from this 
Member of the Diviſion. 138, the Figures of the Product according as - £58 
IT find them. And there "IO no Remainder , L ſet down a her Fo 
| nderneath. 7 
The Diviſion being ended, I find 346 f for r the exatt | Quotientof 255 4 
divided by 23. 8 Ef BL 
kIxI IV. e 


The 5 is P by ma een 0 n man- 
ner ſome what different, in each particular Diviſion, the Diviſor voy" ſet” TOE 
down under ay fairy 8 the prawn genere above it. 5 

For Example, if it was propoſed to divide) ; having point< Sg; 5 
ed off as many Figures to the left Hand of the Di bs rar 1 „„ T 
as will contain the Diviſor: And as the two Figures 4 | | nk Me „ 
of the Dividend contains the Diviſor 23, 1 ſet down 25 05 Jn 5 + <1 
23 under 79, and. conſider how often it is contained in dharma nag? on is; 
79, or how. often 2 is contained in ); and as- it is N plained by wy Hl 
contained 3 Times, I'ſet. down 3 in the Quotient. ane e „ 

To diſcover the Remainder of this Diviſion, 1 multiply the Divitor | 1 15 5 
23 by the Quotient 3; and ſubtract the Figures of the Product ac. "+ n 
cording as I find them from the ſuperior Figures, and ſet down the Re. hog Wy 3” 8 
mainders over thoſe ſuperior Figures. Saying: 3 Times 3 is 9 which Bog Mrs OR 
I dedu& from the ſuperior Figure 9; and as there is no Remainder ow 5 Ka 70 7% 

I ſet down a Cypher over this 9 which I barr, as alſo the Figure 3 
| multiplied. Then ſaying: 3 Times a is 6, which I. ſubtract — the 3 
| ſuperior. Figure. Po; and ſet down the Remainder. 1 over the 75 and 8 655 
barr this 7 and the Figure 2 multiplied. 83 e 
By this firſt Operation, the 79 Hundreds of the Di ridend will be divided | 8 
| by 23 ; the Quotient will be 3 Hundreds, and there will remain 10 N 
undveds that could not be divided by a3. TY: 
| 'To continue on the Diviſion, L annex the 5. Trae 4 the Dividend/t 1% 5 es 
the 10 Hundreds that remain after the firſt Diviſion ; 1 . 
and ſet down anew the Diviſor 23 under the Dividend 2770 HER wg -7 "0 
105 Tent, ſo that the 3 will ſtand under the CLE and the | 9 9 
2 under the Cypher; that is, I remove the Figures of 
| the Diviſor one Place towards the right Hand. I then 
conſider how often 23 is contained in 105 ; and ſet d 
4 to the right Hand of the Figure 3 firſt und, jj 
To obtain the Remainder of this ſecond Diviſion, Pay 44 Times 3 


is 12 9 2 ne rn r cannot r nN | rom the ys 75 
208 N N 


— 


and ſet down the Remainder 3 over the 5, barring this 5 and the 3 


that the 3 will ſtand under the 8, that is, I remove 
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rior Figure 5, I borrow 1 Ten to add it to 5, and deduQ 12 from 15; 


multiplied. Then I ſay, 4 Times 2 is 8 and 1 Iborrowed is 9, which 
Ideduct from 10; ſetting down the Remainder 1 over the Cypher, , i: 
after having barred 10 and the 2 multiplied. | ei 
By this ſecond Operation, the 105 Tens will be divided by 23 ; the 
Quotient will be 4 Tens, and there will be a Remainder 13 Tens which 
could not be divided by 23. | | | 


To compleat the Diviſion, I annex the 8 Units to the Remainder 13 
Tens; and ſet down the Diviſor 23 under the new Dividend 138: So 


the Figures of the Diviſor one Place towards the right |. 2 
Hand. And finding that 23 is contained 6 Times in 283 | 
138, I ſet down 6 in the Quotient to the right Hand of 579386 (346 


34, and multiplying the Diviſor 23 by 6, I ſubtract the 2333 B 
Figures of the Product according as I find them from 22 983 
thoſe above them, as in the two foregoing Operations, coul 
and after the Subtraction, there being no Remainder left, I conclude that T 
346 will be the exact Quotient of 7958 divided by 23. 9 5 ware 

| LXXXVI. | : | the 

To render the foregoing Method of performing Diviſion more com- 98. 
modious, the Computiſts have found Means of avoiding the Trouble of ber « 
borrowing when the Product of the Diviſor into the Quotient is ſub+ to tl 
| tracted from the Members of the Diviſion. Let it be required, for Ex- der 
French Me- ample, to divide $4162 by 98, as the Diviſor 98 is not 1 ded 
thod of per- contained in the two firſt Figures 84 to the left Hand of 5 the 
Di- the Dividend, I point off the three Figures 841 for the 227 | barri 
firſt Member of the Diviſion, and ſetting down the Divi- $4x62 (8 8 '1 
an Example. ſor 98 under 41, I conſider how often 98 is contained in  9g9$ ſet « 
841 Hundreds, and ſet down the Quotient 8 Hundreds, in V 
a Place which will be that of the Hundreds. | . be 8 
To obtain the Remainder of this firſt Diviſion, I multiply ſucceſſively . 
the two Figures of 98 by 8, beginning by the Figure 9 of the higheſt 85 
Degree; and deduct the Figures of the Product, according as I find mul 
them from thoſe immediately over them. Saying: 8 Times 9 is 72, | Div 

which I deduQ from 84, ſetting down the Remainder 12 over it, afte | the 
having barred 84 and the Figure 9 multiplied. Then J ſay, 8 Times 8 the 
is 64, which I dedu& from 121, and ſet down the Remainder 57 over viſo 
it, after having barred 121 and the Figure 8 multiplied. ont + ter! 
By this firſt Operation, the 841 Hundreds will be divided by 98; the Div 
Quotient will be 8, and there will remain 57 Hundreds that could not equ: 


be divided by 98. 


NUMERAL ARITHMETICK. 


= To continue on the Diviſion, I remove the Diviſor 98 one Place to 


n 15; 

| the 3 the right Hand, ſetting it down under 76, in order to di- 

which ie the 57 Hundreds remaining with the 6 Tens, that 18 
55 | 


„ in order to divide 576 Tens by 98. The Diviſor 98 32 
eing contained 5 Times in the ſecond Member of the 2276 
Division 576, I ſet down 5 in the Quotient at the right $4262 (85 
and of the 8 already ſet down, and multiply 98 by 5, be- 988 
inning by the Figure of the higheſt Degree; and deduct 9 

be Figures of the Product according as I find them from 


7 and ſet down the Remainder 12 over 57, after having barred 57 
and the Figure 9 multiplied. Then ſaying : 5 Times 8 is 40, which 

I deduct from 126, and ſet down the Remainder-86 over 126, or rather 

over 26, after having barred :126 and the Figure 8 multiplied. | 
By this ſecond Operation, the Number 576 Tens will be divided by 


could not be divided by 98. | | . 5 
To compleat the Diviſion, I remove the Diviſor {till one Place to- 

wards the right Hand, in order to divide the 86 Jens remaining with 

the 2 Units, that is, in order to divide 862 Units by | 

98. Finding that 98 is contained 8 Times in the Mem- * 

ber of the Diviſion 862, I ſet down 8 in the Quotient 267 

to the right Hand of 85; and ſearch for the Remain- 3 24 

der of this Diviſion, Saying: 8 Times 9 is 7a, which 22765 

I deduct from the ſuperior Figures 86, and ſet down 34262 (858 
the Remainder 14 over theſe Figures, after having 9888 | 

barred 86 and the Figure 9 multiplied. Then 1aying: 99 | 

8 Times 8 is 64, which I deduct from 142; and 

ſet down the Remainder 78 Units over 42. 


be 858, and there will remain 78 Units, which cannot be divided by 98. 


he ſuperior Ones. Saying: 5 Times 9 is 45, which I deduct from 


98; the Quotient will he 5 Tens, and there will remain 86 Tens that 


Wherefore the Quotient ariſing from the Diviſion of 841 62 by 98 will 


51 


ſively ö LXXXVII. | e | 

gheſt Since to divide a Number by another, is to find a third Number which ; 
find multiplied by the ſecond, will give a Product equal to the firſt Number, proof of the 
s 72, Diviſion may be proved, by conſidering it as a Multiplication of which Operations 


= Diviſion, when there is one; and caſting out the 9's, if the Remainder is 

equal to what remains when the 9's are caſt out of the Dividend; there is 
a Preſumption that the Diviſion ; been accurately performed , other- 
wiſe it 1s certain that ſome Error has been committed in the Operation. 


de Diviſor is the Multiplicand, the Quotient the Multiplicator, and made br exp | 


me Dividend the Praduct, that is, by caſting out the 9's out of the Di- ung out the 
WW viſor and Quotient, and multiplying the Remainders one by the other, af Multiptica> 
ter having added to the Product the Figures of the Remainder of the gon. | 


' 
| 
| 
9 
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For Example, if 5478989 was divided by 375, and the Quotient found 
to be 14610 with a Remainder 239, I caſt the 9's out ot the Diviſor 
and Quotient, and multiplying the Remainders 6 and 3 one-by the other, 
and adding to their Product 18 the Remainder of the Diviſion 239, and 
caſting the 9's out of their Sum 257; the Remainder 5 being equal tg 
what remains when the 9's are caſt out of the Dividend 5478989, there 
is a Preſumption that the Operation has been accurately performed. 
RS | LXXXVIII. . . 
To prevent the Multiplicity of Errors and to diſcover them in the 
Courſe of the Diviſion, the Computiſts verify each Figure of the Quo- 
tient according as they are found. | We 55 
For Example, if 254496 was to be divided by 264, beginning the Di- 
| viſion, by the Figures of the higheſt Degree, I firſt divide 2544 Hun- 
5 Method of dreds by 264, and find 9 Hundreds for the Quoti- | | 964 


Example. 
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verifying ent, I therefere ſet down 9 in the Quotient in a 254496 
Fa e Place which will be that of the Hundreds; to diſco- 17 
tient 8 ver whether the Figure 9 placed in the Quotient is 
ars found, exact, or if the Biviſor 264 is contained 9 Times 1689 
in the Member of the Diviſion 2544; I multiply 1584 
264 by 9; ſetting down the Product 2376, under — 


— — 


264 


the Member of the Diviſionz 544, and ſubtracting this 1056 
Product 2376 from 2544 J find 168 for theRemainder. 1056 
To difcover whether this firſt Remainder 168 — 
Hunreds is exact; there are two Things to be conſi- ' 0000 


dered. 19. We are to examine whether 2376 is the 1 | 
exact Product of 264 into 9 ; by taking the ninth Part of this Product: 
as this ninth Part ſhould be equal to the Diviſor 264. 29. We are to 
examine whether the Subtraction has been accurately performed; by 
adding the Remainder 168 to the Product 2376: as this Sum ſhould 
be equal to the Number 2544 from which it is ſubtraQted. a 

To cotinue on the Diviſion, I bring down the 9 Tens of the Dividend 
to the right Hand of the 168 Hundreds, and there Reſults 1689 Tens to 
be divided by 264; which gives 6 Tens for the Quotient. I then multi- 
ply 264 by 6, and deduct the ProduQ 1584 from 1689; and there re- 
mains 105, I prove this ſecond Diviſion as the former. 19. By taking 
the ſixth Part of 1584, which is equal to the Diviſor 264, and proves. 

the Product 1584 to be exaft. -29. By adding 105 to 1584 whoſe Sum 

is equal to 1689, the ſecond: Member of the Diviſion, and proves that 
the Remainder 105 which is leſs than the Diviſor 5264 is exact. ON 
The Operations employed to obtain the 4 Units of the Quotient will 
be proved in like Manner. | C we S aHYE: 
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found 8 e 
diviſor i | G8 A Boi Wi 
Js ind 0 Fractiant and their various Reductiont, Se. Of the Operations per- | 
ual to formed upon compound or applicate Numbers, and the Menfuration of 1 
there 3 VSViurfaces and Solid. ai | 
. . | | HE Numbers we have hitherto treated of are compoſed of ſeveral 
n the integer Units, which for this Reaſon are called integer or whole Numbers, but 
Quo- it often happens that the Unit that has been adopted, or eſtabliſhed _ 
5 1 by Cuſtom, is too great to be contained once or ſeveral Times exactly in 
Di- the Magnitude which is propoſed to be meaſured. In this Caſe the 
Hun- Computiſts form ſmaller Units that may meaſure exactly the propoſed 


Magnitude, that is, which may be contained in it once, or a certain 


964 | g 
. Number of Times, exactly. . 3 


264 2 5 ; 1. 5 5 5 
E To obtain Units ſuitable to the Magnitude which is propoſed. to be 
meaſured ; the Computiſts divide the principal Unit that has been adopt- Origin of 
ed into ſeveral equal Parts, which in general are called fraf#ional Units, Fractions. 
and that receive their particular: Denominations from the Number of 
Parts into which the principal Unit has been divided. For Example, if 
the principal Unit be divided into 2, or into 3, or into 4, or into 5- equal 
Parts, each Part is called 1 Half, or 1 Third, or 1 Fourth, or 1 Fifth ;.. 
and thoſe Parts are fractional Units. PEE: | | | | 
A fractionał Unit or a Collection of ſeveral equal fractional Units, is 
called a Frafion or broken Number. There are therefore two Numbers 


ICT: | | 
on required to repreſent a broken Number; viz. a Number to denote the 
by Species of the fractional Unit, that is, to ſhew into how many equal 
uld Parts the principal Unit has been divided, and another Number to denote . 
how many Times thoſe new Units are repeated. | 
nd To diſtinguiſh: thoſe two Numbers, the Computiſts place one above 
10 the other, with a Line drawn betwixt them, placing under the Line Notation of 
iti the Number which denotes into how many equal Parts the principal Fraftions.. 
EY nit has been divided, and which conſequently denotes the Species of | 
ng the fractional Unit; and placing above the Line, the Number which de- 
_ notes how often the fractional Unit is taken. EEE, Ny 
m For Example, — is a Fraction or broken Number, the inferior Num- 
at ber (8) denotes that the principal Unit has been divided into 8 equal Parts, 
in and that conſequently each Part is the 1 Eighth of the principal Unit; 


and the ſuperior Number (7) denotes that there are 7 of thoſe new 
Units; ſo that the Frection — denotes 7 Eighths of the Unit or Quanti- 
ty that has been taken for Unit. | 
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The 

different 
ſpecies of 
fractions. 
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ELEMENTS OF 


As the frafional Unit receives its Denomination from the inferior 
Number of the Fraction, it is called the Denominator, and becauſe the 
ſuperior Number denotes the Number of thoſe new Units, it is called 
the Numerator. Thus in the Fraction 7 the inferior Number (8) 


which repreſents Eighths, is the Denominator, and the ſuperior Number 
(7) which denotes that there are 7 of thoſe Units called Zighths, is the 


Numerator. | | 


The Numerator and Denominator of a Fraction are called: the two | 
Terms of this Fraction; the Numerator is called the fir/t Term, and the 
Denominator is called the ſecond Term. . 


I. 


The Computiſts diſtinguiſh<wo' Sorts of broken Numbers; abſtract 


broken Numbers, and concrete or upplicate broken Numbers, 


Numbers, ſuch as —\ _ „„ which denote. x "Fourth, 2 Fifths, 


6 


5 Sixths, that are not applied to number: any Species .of Things are 
Called ab/trad or. abſolute broken Numbers. Broken Numbers that are 


The broken 


applied to Number the Parts of any Thing, are called concrete or. appli- 


: fraQtional Units. 


cate broken Numbers, For Example, — Pound, = Foot, 


6 


which denote one fourth of 4 Pound, two Fifths of a Footy,” five Sixths of 
an Hour, are concrete or applicate broken Numbers. It is manifeſt that all 
broken Numbers, whether abſtract or concrete, may be conſidered as 
Species of integer Numbers, having for principal Units their particular 


3111. By 


A Fraction may be alſo confidered as the Quotient of a Diviſion, of 
which the Numerator is the Dividend, and the Denominator the Divi- 


ſor For Example, the Fraction + may be conſidered as the Quoti- 


tient of 7 divided by 8, For to divide 7 by 8 is to take the eighth 
Part of 7, but to take the eighth Part of 7 the eighth Part of 
each of the Units which compoſe 7 muſt be taken: and as each 
Unit will give 1 Eighth, for its eighth Part; 5 Units will give 7 


'Eighths, that is, the Fraction . 14 for their eighth Part. 


Jo a 
e Num- 
3 
Zi. en 


Whence the Fraction = is the Quotient .of 7 divided by 8. 


8 


As a Number is not changed when multiplied and divided by the ſame 
Quantity; being rendered ſo much. leſs by Diviſion, as it is increaſed by 
Multiplication, it is manifeſt that an Integer may be changed into a Fracti- 
on; by multiplying it by any Number for to make a Numerator, and 


giving it this fame Number for a Denominator. 
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_ NUMERAL ARITHMETICK. 33 
1 Since a Fraction is equal to the Quotient of the Diviſion of its Nu- eee | 
merator by its Denominator ; it is manifeſt that it is equal to an integer begs | 
= Unit, when its Numerator is equal to its Denominator, for the Denomi- denomina- | 
nator will be contained once in its Numerator. DL bs a | 
1 unit. 


Since by multiplying or by dividing the Dividend and Diviſor of a j 
Diviſion, by a ſame Quantity, the Value of the Quotient is not changed 

if the Numerator and Denominator of a Fraction be multiplied or divi- 

ded by the ſame Quantity; the Value of the Fraction will not be chan- 

If, for Example, the Fraction 2 be given, and the Numerator 4 8 


and the Denominator 5 be multiplied by 3 or by 4, there will reſult a ag e 
new Fraction 5 or 25 of the ſame Value as the firſt 5 And recipro- ord pgs 


e e EN, 


— — ——— — 


- nee romeo ns — 


8 | ; 3 1 numerator 
cally, if the Numerator and Denominator of a Fraction - be divided, and deno- | 
| 1 8 | | | | 15 minator by | 


by a ſame Number for Example, by 3, there will reſult a new Fraction 4 pooh ord | 7 | 


, I 
which will be equal to the firſt =. 2-5 | ED 
By dividing the Numerator and Denominator of a Fraction by a ſame: 
Quantity it is rendered more ſimple, and ſo much the more ſo, as the - 
Quantity by which it is divided is greater; and when the two Terms 
of a Fraction are divided by their greateſt common Diviſor, the Fracti- 
on which reſults whoſe two 'Terms can no more be divided by a ſame - 
Quantity, is ſaid to be reduced to its loweſt Terms. . | 
* | p . d YE ' 
To reduce a Fraction to its loweſt Terms, without altering its Value, Method of + _ 
the greater Term muſt be divided by the leſſer; and if there is no Re- reducing "£1 
mainder, the leſſer Term will be manifeſtly the greateſt common Divi- 838 | 
ſor of the two Terms of the Fraction. If there is a Remainder, the leſ- terms. i 
ſer Term muſt be divided by this Remainder, and if there is no Remain- _ j 
der, the Remaindef of the firſt Diviſion will be the [greateſt common | 
- Diviſor of the two Terms of the FraQtion.” „ | 
If this ſecond Diviſion leaves a Remainder, the firſt Remainder muſt - [ 
be divided by the ſecond, and the ſecond by the third, and ſo on conti- | 
nually, dividing the laſt Diviſor by its Remainder, till there is no Remain- | 
der left: And then the laſt Diviſor will be the greateſt common Divi- 
ſor of the two Terms of the Fraction, and by dividing the two Terms by | | 0 
this laſt Diviſor, the Fraction will be reduced to its loweſt Terms. But | 
if it ſhould happen that the laſt Remainder ſhould be Unit, then is the -: | 
Fraction already expreſſed by its moſt ſimple Terms. 5 
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Let it be propoſed, for Example, to reduce the een 77 to der 1 


Theforego- 19. I divide the greateſt Term 5796 by the leſſer 2016. The Di- 
ing method viſion being performed, there will remain 1764. 29. 1 divide 2016 by 
- 2 the Remainder 1764; without attending to the Quotient, but only to 
their loweſt the Remainder 252. 3. I divide the firſt Remainder 1764, by the 
terms, ap- ſecond Remainder 252; and as there is no Remainder left after the Divi- 


— 9 tg ſion, I conclude that the laſt Diviſor 252, will be the greateſt common 


Diviſor of che two Terms of the Fraction 5556 and dividing the two 
Terms of this Fraction by 252, there reſults the new Fraction s = F 
- Whoſe Terms cannot be rendered more ſimple, and which will have the 
ſame Value as the propoſed Fraction _ 25 
| vun. 


Grounds of The ground of this Operation is as follows: 10 By dividing the Deno- 5 

= — minator by 2016 of the Fraction 2 5 the-Quotient will be found tobe 2 
with a Remainder 1764. Whence the Denominator 5796 is compoſed : 
of two Parts 4032 and 1764, and the Fraction 5756 may be reduced ; 


| A | 2016 | | | | 
- % , : T ; 2 & 

to this Form e jo noone Fs herefore any Number that is the 
greateſt common Diviſor of the two Terms of the FraQtion 36, will 


be the greateſt common Diviſor of 2K 2016 and of 1764, which are 
the two Parts of the Denominator, and conſequently ſhould be the great- 
eſt common Diviſor of 2016 and of 1764. i 
20 By dividing 2016 by 1764 it will be found to be contained once 
with a Remainder 252, that is, 2016 is compoſed of two Parts, of 
1764 and of 252, Whence the Number which Will be the greateſt 
Diviſor of 2016 and of 1764 will be alſo a Diviſor of 252. But 252 
is the greateſt Diviſor of 252, and divides 1764 exactly: It will there- 
fore alſo divide 2016 which is the Sum of 252 and of 1764, and will be 
alſo a Diviſor of twice 2016, that is, of 2 2016. The Number 252 
being a Diviſor of 2X2016 and of 1764, will be alſo a Diviſor of their 
Sum 5 796, and will conſequently divide the Numerator and Denomina- 


7p lies 2016 , . 
tor of the Fraction 7 8 Moreover, 252 is the greateſt common Di- 


| 5 
viſor of 2016 and of 5796 ; ſince the common Diviſor of thoſe two 


Numbers ſhould be a Diviſor of 252. | | 


3 : 32g 
There 1s d Method of reducing a FraQtion to its loweſt Terms, kit} 


more eaſy, and upon ſeveral . Qccaſions, more commodious than the method of 


| foregoing. 19. If the Numerator and Denominator of a-FraQion are frag 10 


even Numbers, they may be both divided by 2, till one of thoſe two their loweſt 
Terms becomes an odd Number. 29. If the two Terms end by 6. F 
may be divided by 5g, till one of them ceaſes to end b 1. 5. 39. When the 

two Terms of the Fraction are odd Numbers, a 


do not end by 5, 
Tryal may be made to divide them by 3, till one of them ceaſes to be 
diviſible by 3; afterwards Tryal may be made to divide the two new 
Terms by 7, then by 11, afterwards by 13, 17, 19, 23; and ſo on by 
all the Numbers that have no other Diviſors but themſelves and Unity, 


In fine, when one of the Terms is no more divſible,.or when the two 


Terms can be no more divided by a ſame nn the F raclion will 


2 be enen to its loweſt Teen. | 
125 IK. | 25 8 „ 

| "Lap it be arg for BORE to reduce the Rae on 5 AY to its. fins 

| eft Terms. 0 ee, 


and rer reals 78s ny I then divide thoſe two Tow s by 37 2 nd dere 25 


"' divide the two Terms which are even hy 2, and et reſults 1895 155 fa 
dre 
I divide again by 1 wag two new Terms, which ate alſo even Numbers going ck 


; reſults 77. be again by 3. there refults| £ = | Dividing alter 


wards by 7, I find 175 And this FraQion'— will at Length be he 


Fraction reduced becauſe its Numerator 8, cannot be divided but by 25 
or by: a Multiple of 2, and its r ag 15 cannot be divided by 2. 


if the two Terms of als Fraftion have Cyphers to their right Hand, The fore. 


; it is manifeſt that an equal Number may be ſuppreſſed in thoſe two Terms; going m. 


becauſe each Term will be alien by. 10 each Ti ime a er h is -e nap ng 
f preſſed. ther ex- 


| the two Terms by 10, by ſuppreſſing in each of them the Cypher that 


— 


Thus to 1 the Traction 4188. 3159-16 112 ien Terms, I fr divi ide | 


occupies the Place of the ſimple U nits, and there, reſults === ATR ah Then 


| becauſe the new Numerator ends by 5, and is conſequently diviſible by 


5, as alſo the new e which ends by a Cypher, I divide * 


. 8. and Hare reſults = 1 afterwards 7 ons by 3· and there reſults = 78 : 
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ELEMENTS OF 


And this Inken = will be reduced to its loweſt Terms; » ſince the Nu» 


merator 21 is diviſible only by 7 or by 3» and the Denominator 76 1 is 


diviſible neither by one or the other. 
Xl. 


Method ef To reduce two Fractions to the ſame Denominator without altering 
reducing the Value of thoſe Fractions; ; having reduced them to their loweſt 


any two 


' . frattionsto Terms (if they are not ſo already) the Numerator and Denominator of 


the ſamede the firſt Fraction muſt be multiplied by the Denominator of the Second, 
OR and the Numerator and Denominator of the ſecond by the Denominator 


of the firſt, whence will reſult two other Fractions of the ſame Value 


with the two firſt ; (Art. iv.) having the ſame Denominator, ſince the De- 


nominator of Lach of them will be the Product of the Denominators of | 


the two firſt Fractions. 


X11. — 


Let it be Propeſed, for * to reduce to the fone Denomination be 
Frac tion, = — and =, 


F Fr 


| 79, I auh 45 two Terms 2 and 3 of the firſt FraQtion — Fu by the 
558 me- 


14 
cx 


__ cqual to the firſt — 7 20. 1 multiply the two Terms 5 and 7 of the ſe- 
cond FraQion $1 Y the Denominator 3 of the firſt, and there Oe 
a new Fration 25 5 equal to the ſecond — 


By this Means the two propoſed Frafions > — and 2 without hav- 


_ ing changed their Value will be reduced 1 Mig beo Fragtons 2 + and | 


275 which have each for Denominator the Produ& of the — 
3 and 7 of the propoſed FraQions, \ | 


XIII. 
Ga To FOE any Sake of Fractions to the Da, being 
method of reduced to their loweſt Terms, 10. All the Denominators of the Frac- 
reducing tions muſt be multiplied into one another, and the Product will be the 


Vinton Denominator that all the F raftions Rovers to | the ne en 
„ „„ 1 1 


' thod ae an Denominator 7 of the hood, and there reſults 2 new FraQion _ 


* - 


NUMERAL ARITHMETICK.- 


20%. To obtain the Numerator of the firſt of the Fractions that are to the fame | 
| Propoſed. to be reduced to the fame Denomination, the Denominators of ,q 
all the Fractions, except that of the firſt, muſt be multiplied into one 
another, and the Product that ariſes multiplied by the Numerator of 
the firſt will be the Numerator of this firſt Fraction reduced. | 


v4 WY 8 1 F a * N 
« OOTY, - by. a a IH : oi < 8 
. e 
C I - — 22 1 


. 
NIN * Kee 1 
E . þ * * <4 
r — 


t | To obtain the Numerator of the ſecond Fraction reduced, all the 
* Denominators except that of the ſecond, muſt be multiplied into one | 
J, another, and the Product that reſults multiplied by the Numerator of the 
Cr ſecond will be the Numerator of this ſecond FraQtion reduced; and in 1 
e like Manner the Numerators of the other Fractions will be found. 2 
— | Is | | 1. | 1 > 5 | 55 4 
f - Let it be propeſed, for Example, to reduce to the ſame Denomination the = | 
5 four Fraftions = = * A. Eh . | 
6 E multiply into one another all their Denominators 2, 35 5, 73 and , "I | j 
the Product 210, will be the new Denominator, which ſhould be com - of this Me- "| 
mon to all the Fractions. | os uod to an — 4 
To obtain the Numeraton of the firſt of the new Fractions; I multi- Example. 1 
4 ply into one another all the Denominators, except the firſt (a), that is, ' 
1 multiply together the three Denominators, 3» 5, 7; and the Product | 
15 'that ariſes 105 by the Numerator. n of tae firſt Fraction, and the Product 4 
105, will be the Numerator of the firſt Fraction, which wilt become = | 
5 | 3 f 
To obtain the Numerator of the fecond new FraQtion; I multiply into i 


one another all the Denominators except the ſecond (3), that is, I multiply _ 
together the three Denominators 2, 5, 7, which produce 70; Lafterwards 

multiply 70 by the Numerator 2 of the ſecond propoſed Fraction, and 
the Product 140 will be the Numerator of the ſecond new FraQtion: ' ' 


o i 5 8 | Mt 20 | T 
710 In like Manner I find the Numerators of the two other Fractions 


5 09 b 85 4 | . | | b # k | 5 6. 
which will be . 180 Whence the four Fractions =, 4 - 
{ 410 0 | ; 421 3 ·˙ 5 io | 


72 Z | | 12 : N ; | 10 4 1 e 168 R 40 

reduced to the ſame Denomination will be Ke vi . — ak wel 
6 RG. „ ae 

By the foregoing Method any Number of Fractions may be reduced 

to the ſame Denominator without altering their Value, but thoſe. Frac- Inconreni: 

tions will not always be reduced to as low Terms as they might be, and nen; 

* 8 a 87 . 4 3 v 5 2 6 which this 
retain ſtill a common Denomi nato.  - foregoing 
10. If among the Fractions reduced to their loweſt Terms, fuch as the „ung 


following 2, > 25 5 chere are not ſeveral whoſe Denomina 


_ trations bs tors have a common Diviſor : When thoſe | Fradtions will be ke o 


© the lame de- 105 140 2. 168 180 
e the ſame Denomination; the new Fractions N 50 7 


that reſult cannot be reduced to lower Terms and retain ſtill a common 
Denominator. 3 


20. If among the Fraifions which are fuppoſed TRY to att 2. | 


Method of eſt Terms, there are ſeveral whoſe Denominators have common Divi- 


re ae ſors: When all theſe Fractions are reduced to the ſame Denomination, 


| Hiency ac- they may be reduced to lower Terms, and retain ſtil a common Deno- 


e minator, by dividing their Numeraters and the common Denominator 


different by the common Diviſor ſo many Times leſs one as there are Denominators 


— * to which thoſe Diviſors are common in the firſt F We is 4 
| For Example, if thoſe four FraQtions were given 2 — 5 F 77 


reduced to their loweſt Terms, among which are three whoſe et 
Exa le of nators 2, 4, 6, are dwiſible by 2: When all thoſe Fractions are reduced 


wi 168 8 56 48 
to the ſame Denomination, and become - . N 36 3 tr wh. 


the Numerator of each of them and the common Denominator may be 
divided twice ſucceſſively by 2, which will reduce them to the follow. 


ones 23, 27, 14, fa 
a By By” d BY 
XVI. F 
When the Diviſors of the Denominators : are 8 1 ir 
thar Factors are common. to a greater Number of Denominators, 


they ſhould e as Diviſors, e. to thoſe en Bi 


: way of _— | | 
the ſecond - I 5 . ; 
caſe, 1 thoſe fout Fraftions = 7 %2 197 were | propoſes, which 


% He FO y 
| may be reduced to this: Form = e, "x3 N 5 oo Though 


the Denominators 2X2," 2c of two of them are diviſible by the 
compoſite Diviſor 2X2 ; I do not make Uſe of this compofite Diviſor, 


becauſe the ſimple Diviſor 2 is common to a greater Number of Deno- 
minators than the compofite one 2X2: And I obſerve, 


ii 


«5+ by 2, and may be reduced to 1, 2, » 203; 


29. 'That-of-thoſe four Terms reduced: by Diviſion, there ave etwoy viz. 8 


2 and 23 lik diviſible by 25 15 that thoſe four Terms 'are reducible 


| "Ou! I 3 1, 3, 3. 
3. Laſtly, that thoſe four f new Terms, Rill include two, VIZ. Kg 


1 which are icons by 3. 


— as Md > aw. Þ» 


19. That the four Denominators /2, 2X2, 2X3 2X0X3 are diviſible £ 
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NUMERAL ARITHMURETIeR 


9%, 4, may be reduced to lower Terms and fill retain ® com- 


mon Denominator, by dividing. their Numerators and Denominators, 


three Times ſucceflively by 2, or once only by ö 8, then once by 2, and 
| laftly once by 3. which will reduce thoſe FraQions to 17 | =, 
. 


12 8 
mon Denominator. 


2, —, which cannot be reduced to lower Terms, and retain a com- 


- 


The Operations performed upon Fractions will often produce other g.,.,zn 
Fractions whoſe Numerators will be greater than their Denominators. of improper - 
And ſince a Fraction is equal to a whole Unit when its two Terms are | 


equal, thoſe FraQions will contain as many integer Units as the De- 
nominators are contained in their Numerators. + | TH EA, 


wn the fone propoſe Drafions "= , 
1 * 3 
eed to the ſame Denominator, and are transformed into 7 = 


Whence to find the Number of integer Units contained in a Fraction; 


the Numerator muſt be divided by the Denominator, and the Quotient of 


this Diviſion will be the Number of integer Units contained in the Frac- 


tion. And the Remainder of the Diviſion, if there be any, will be the 
Numerator of a Fraction having the Diviſor for Denominator. _ 


For Example 5 | being a propoſed FraQion 1 divide the Na- 


merator 18 by the Denominator 4, and there reſults for Quotient 4 in. bs 
teger Units with a Remainder 23 and this Remainder being divided: by 


| the Denominator 4 will give the Fraktion — Which is reduced 10 


= ſo that the FraQion = will be changed into 4 Units and =o 


i ot” 0:0 10 Ms al; +1 La rs $2, 
The foregoing Reductions of Fractions are neceſſary: to prepare them 


for Addition and Subtraction, for we can really add together, or ſubtract 


one from the other otily Quantities which conſiſt of Units of the ſame 


Species. Whence FraQions cannot be added together or ſubtracted 


one from the other, but when their fractional Units are the ſame z 
-and ten they muſt have the ſame Denominator, r. 
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61 ELEMENTS OF 

OD, op : XIX. 55 | 
1 If the Fraftions which are propoſed to be added have the 1 Dos- 
aner of minator ; their Sum will be obtained by forming a new FraQtion of the 
the ſame de- ſame Denominator, and _— for c Numerator, the Sum of their Nume- 


nomination. rators. ; 
| For Example, if the- 8 £, „ 2, = which have the fame 
| Denominator 7, were to be added together; 1 ies them as con- 


crete Numbers, whoſe princi ipal Units are Sevenths ; and I fay 3 Sevenths 


| and 4 Sevenths is 7 Sevenths which joined to 6 Sevenths make 1 3 Sevenths, 
Example. which I ſet down thus = : 'That is, I add together the three Numera- 


tors 3, 4, 6, and ſubſcribe under their Sum 13, the Denominator 7 | 


common to all the Fractions Wa together; and there reſults - for 


the Sum required. 
20. If the Fractions to de added together have 1 not the ſame Deno- 
_ &ddition of minator: They muſt be reduced to the ſame anna and theſe 


= b * Fractions added, as in the former Caſe. 


| nominations For Example, if the Fractions = 55 I = were EPO to 


105 140 168 180 


1 added together; 3 1 transform them into — — —, 


3: 
210 210% 210 210 


nnr. * 1-4 habs the fame Denominator. I then add together their Nume- 


rators 105, 1 40, 168, 180, and ſubſcribing under their Sum 593 the 


equal to the Sum. 


* Denominator 210, there will reſult the Fraction Prong 


- 
1 2 


- 442 | 63 x80. 
ef the N Aten 82 =S 25 b 8 = which are equal 1 to the four 


210 210 210 2100 
0 propoſed ones. | 
| xx. 
From che Addition of ſeveral Fractions, there alien refults a Frac- 
tion whoſe Numerator is greater than the Den6minator. Such a Frac- 
tion being greater than the principal Unit, ſhould be reduced to the 
integers it contains, and to 2 Fraction that it may contain beſides. 1 
For Example,” having found that the Sum. of the three Fractions 
Ml 4 6; og. 


5 Ss 55 7 10 75 5 whoſe Numerator: I 3. contains the Denominator 7 


once with a Remainder 6 * "hw this Fraction 22 = 4 may be divided i in- 


to 93 two others © and - and conſequently will. be ee to 1 
PPT YH | uk 


NUMERAL ARITHMETICK. 


; 25 ARK 3 

70 ſubtraẽt o one Ftadtion ſrom another, 10. If they 3 the FRA De=9obtraftion | 
| nominator, it ſuffices to deduct the Number of fractional Units of the of foSioas* 
one from the Number of the fractional Units of the other, ſince their denominz“ 

fractional Units are equal. Now the Numerators of the Fractions ex- Gon. 
preſs the Number of fractional Units they contain; wherefore the Re- 

mainder of the Subtraction will be obtained, by deducting the Numera- 

tor of one from the Numerator of the other, and ſubſcribing under the 

Remainder the Denominator common to the two Fractions; becauſe the 

Units remaining after the SubtraQion ſhould* be of the Tame ns 23 

thoſe of the Number from which the ry has Hoon made. 


For Example, if it was propoſed to dedu& = from > 1 ſubtraQ 2 2 


from 8, and under the Remainder 6, I ſubſcribe the common Denomi- 
nator 9; and there reſults for the Remainder of _ Subtraction the 


Fraction 2 which may be reduced to the FraQion T* 


20. If the propoſed Fractions have different Denominators, they muſt Subtration” 
be reduced to the ſame Denomination, and then deduQted one from the of fraQtions 


other as = the foregoing Caſe. For Example, if it was propoſed to 4 | 


ſubtras — — from =; I firſt reduce thoſe two FraQions to ws fame 9 
i whereby they will be transformed i into = 24 and = „ then 
fubtracting the Numerator 14 from the Numerator 18,1 I I under b 
the Remainder 4 the Denominator 21; F and there reſults 2 | for the Re- : 
mainder of the SubtraQion. | 


K 


WES + if 
The Multiplications and Diviſions of Fractions "R FraQtions, being : 
Operations compoſed of the Multiplication and Diviſion of Fractions 
by whole Numbers, before we proceed to treat of the Multiplication and 
Diviſion of Fractions by FraQtions, it will be convenient to. explain * 
nene and Diviſion of Fractions by whole Numbers 
E 
To multiply A Fraction by a whole Number, for Example, by 7 or wks plica- · 
by 3, or by 4, &c. is to repeat it twice or three Times, or four Times, tion of fe- 
&c. or in general as often as the Multiplicator contains Unity: conſe- dn. * 
quently it is to make a Fraction twice or three Times or four Times; &c. bern. 
greater than the propoſed Fraction. Now this Operation may be per- | 
ſormed two different Ways, either by operating on tha engage any 1 
or od operating on we ö onl: N ie Oh | 


* * 4 
by BY 2 
1 ve 4 5 — 


— N \ 


. : « D %S; . $ e q . - | 4. &; 4 5 1 5 * 2 4 155 
„% nner O08 +69 

l * bY : + d > * . T >: 
4 


2 10. If it be propoſed to operate only on the Numerator, the Nome- 
| M rator of the propoſed Fraction muſt be multiplied by the whole Numb. 

which is to ſerve as Multiplicator; and ſubſcribing under this Produ 

l che Denominator of the propoſed Fraction, there will reſult a new Frac- 

” tion, which will be the en required ; as Ares {+ ora oy the cnn 

ing Example. | 


If it was W la to utiply the Fraction — 7 by 4; 1 FI the 


3 Ecample of Multplicand > as a concrete Number 6 * which is to be repeat · 
ede ed 4 Times; whence I fay 4 Times 2 Nintbs is 8 Ninths, which I ſet 
down thus =: that is) T multiply the Numerator a by 4, and ſubſeribe | 


under the Produ& 8 the ame Denominator 9; ; which will give — 


7 
55 — for the Product required. | FE 

1 od. 29. If it be propoſed oy; to operate. on ths 8 this Deno- 

1 273 minator muſt be divided by the propoſed Multiplicator ; and ſubſcribing, 

: W | the Quotient under the Numerator of the Fraction to be multipfed; . 

tue new FraQtion that will reſult from this Operation, will be the Pro- 

duct required, as will appear 192 the ſollowing Example, 


** 
* 


Let it be propoſed to <—_ — = by 2: I divide the Denomimtor 14 


» *4 4 4 


8 of by 2, and there reſults a a i new Fraftion 8 for the rrodust ariſing fro 


this ſecond 


the Multiplication of 2 r by 2. 
For 3 principal Unit being divided into twice more © Parts in the Fra 


tion 2 than i in 1 Fides = the fractional Units of the Frac- 


. = v be comte of thoſe ade, i: 5 


2] tions conſiſt of the ſue Number of Parts, i s manifeſt that 8 = vill be 


D $4 $0 double of "> 5 ; 2 5 
S ht 68 alway poſſible to Cs one Number "A ht and that 
dne Number cannot always be divided by another without a Remain- 
N der; it will always be poſſible to perform the Multiplication of a Frac- 
tietion by a whole Ne, by multiplying its Numerator by this whole 
* Number, but not * OW” its Denominator by ay whole umber. 


NUMERAL anITHMETIOO ps. * 


n = 
Te divide a Fredioa. by a whole Number, for Example, 1 2, or 179 Diviſion 7 SP 
15 or by 4, &c. is to form a new FraQtion which will be twice, dec ty whole whols a 
imes, or 4 Times, &c. leſs than the Fraction propoſed to be divid 
Now this Operation may be performed two different Ways; by ope- 
rating on the Numerator only, or by operating only on the Denominator⸗ 
1 If it be propoſed to operate only on the Numerator: the Numerator pi.q Ve- 
of the propoſed FraQtion muſt be divided by the whole Number which thod 2 
is to ſerve as Diviſor; and ſubſcribing under the Quotient the Denomi- 8 


an 


nãtor of the propoſed Fra tion, there will reſult a new FraQtion which ample. 
will be the Qotient required. As will appear by the following Example. ee 


Lot it be N to divide the FraQtion = . by 4, I conſider"the © 


Dividend £ - 5 as a concrete Number which reffeſeats 8 NM "TY and 
to divide it by 4,1 ay the fourth Part of 8 Ninths is may" 2 Ninth} * 
which I ſet down kf¹,L 5”, - Wherefore © the Fraction 3 found by . 


* the Namerator * 5 by 4 is manifeſtly the Quoticnte the Fracs” 


tion” — . Hivided by the kth Number 4. 1 9 


20. If it be propoſed to operate only on the ne ; "the" 


Denominator of the Fraction muſt be multiplied by the pro ſed Second Me- © 9 


Diviſor: and ſubſcribing the Product under the Numerator the 22 explained. 
| Propoſed Fraction; the new Fraction that reſults: wil be the by an Ex<" 


Quotient” requifed;-"- „ 
For Example, if it © way prophles* to divide the Fra ction S 1 hy. as 3 
without mediing with its Numerator 6, 1 multiply only its Denomina- 
tor 7 by 15 - and there reſults the Face 0 bor the ae of the 


Fi raction = divided by 4. N . 
For the principal Unit being divided into . Ps more Parts * 
the--FraQtion > than in the Fraction = the fraQional Units of the | 


PFriQtion + on de only "the fourth Parts of thoſe of the Fradtion 
. and as thoſe'two PraQtion confiſt of the ſame Number of Parts, 
6. " Parts are four Times leſs will be contained four Times 


in the other > — that is, as often as there are Voits i in the Diviſor * 
2 A . 8 


| thit, > 


1 


| 0 mas ELEMENTS OF Es 
_— As it is always poſſible to mul tiply the. Deriominator: of a Frackion 
= The ſecond whole: Number, and it often happens that its Numerator can not be br 
TT 3 5 vided exactly without a Remainder: it is manifeſt that a Fra ction can al- 
Geable. _ - ways be divided by a whole Number, by multiplying. its Denominator 
5 by this ent Number, but not by dividing its. a oY this whole 
Number. 
„ „„ 

. 1 To multiply any Ane by a FraQtion, is to We this-Quan- 
= | tity -by its Numerator, and afterwards divide it. by its Denominator. 
i | Wt 2 ene For let it be propoſed, for Example, to multiply any propoſed Magnitude 


by=, if inſtead of multiplying it- by the FraQtion «A it had been 


$ Ale by the Numerator 2; the Product arifi ing a be triple of 
RB the one required, ms the propoſed- Quantity has been multiplied by 


2 Number triple of the given Multiplicator: conſequentiy the third 
Part of this Produ& muſt be taken, that is, it. muſt be. divided by the 


Denominator 3, in order to reduce it to its. juſt Value. 
Whence it follows that the Multiplication by a Fraction, hols Nu- 
merator is Unity, is really a-Diviſion by 5 N of this Frac- 
tion. For Example, the Multiplications by = * . 2, &c. are really 

_ -Diviſions by the e ee 2, 3, 4 Ke. of theſe FraQtons. ; 4 
For to multiply by — or by 7 or by — ve muſt firſt multiply 


| by Unity, which will tos alter the Quantity 9 and after- 
wards divide by 2, or by 3, or by 4. 5 i 
ST; ©: © ; 
] The Multiplication of a Fraction by a Fra dion may be performed 
Four 4:8. four different Ways, three of which are confined to e e Caſes, 
rent Me- but the fourth is applicable to every Caſe. 
= thods of 19, A Fraction may be multipled by a Fraction, b operatin only on 
multiplying y 8 on 
1 Fraction the Numerator of the Multiplicand, and conſequently without altering 
= by a Fracti- the Denominator of this Fraction. 
os 20, A Fraction may be multiplied by a Fraction, by operating only 
on the Denominator of the multiplicand, and conſequently without alter- 
ing the Numerator of this Fraction. 
39. A Fraction may be multiplied by a FraQtion, by operating on 
the two Terms of the Multiplicand, by Means of Diviſton. 
4. A Fraction may be multiplied by a Fraction by operating on the 
two Terms of the firſt, by Means of Multiplication.” 
We ſhall explain thoſe: different Methods. of * Fabien 
by a FraQion, in 115 erb ee nn | 


p 


the Product required, as will appear by the following wn gd 


| ſdered as a concrete Number 15 To onthe, I firſt multiply 1 it by the Nume- 


c firce it -ſhould have been only multiplied by = Abich i is the 


third Part of 2. Wherefore the Product 18 Tenths i is alſo three Times 
too great; I therefore 8 „ the third Part of it, or divide it by 3; 1 


there reſults 6 Taube or LR for the real Product ef ir bor nach 20 — : 


duct of the two FraQtions which were to be multiplied one _ * nas lol 


5 0 33 — 939 l Wet 4 - , ; 3 I 7 S 
* : 7 ” > : . — f * <" As % . : Ln : , 1 
: : ; f 5 a . F , 8 2 "0 
_ * 5 . y * * | r — Fs * 
N 5 5 | ; es. 32 - $43 lt 
l » : bh * ee 
7 3 hy 3 
f f * 1 . — 1 
I. p< 
* 4 * 


NUMERAL ARITUMETICE. „„ * : 
„„ _ 
To- e a fn ahb by a Frachon, by Slane at on Ye Nik run Me- 7 
merator of the Fraction which is conſidered as the Multiplicand; the 8 3 
Numerator of the Multiplicand muſt be multiplied by the Numæratot Example. 
of the Multi licator 3 and this Product being divided 0 the Denomi- 
nator of the tiplicator, and under the Quotient the Base of 
the Multiplicand being ſubſcribed; there will reſult a Fraction equal to 


2 
K ö jp. 
24:45 3 2 — — — Me 
. ———. — ——— = r en 1 xy Oe og iD ” 


E - 
1 K . 2 . 4 
* > * a k * n 

* r, 3 N a Rox of 

$1 8 ** I W * 


Let it be required to multiply 2. —-by = the FraQion -r being con- 5 5 


* 
Er x 


rator 2 of the Multipicator 3 =, - ſaying : : twice 9 Tenths i 48 18 T enths * 
2, , but by multiplying by 2, = 'mukiplied by a. Nanboe" 3 . imes too - 


| XX VIII.“ 

To ants a FiaQion 1 a Fraction by 8 ads on FOR De- : 
nominator of the Fraction which is confidered as the Multiplicand-; the 
Denominator of the Multiplicand muſt be divided by the Numerator of _ \. 
the Multiplieator; and the Quotient multiplied by the Denominator of explained 3 
the Multiplicator; and this Product being ſubſeribed under the Nume- by 5 Exe . 
rator of the Multiplicand; there will refult a FraQion equal to the Pro— ap 


as will appear by the following Example. 1 
Let it be propoſed to multiply the Fraction 2 by 5 by dividing * 99 
Denominator 10 of Bars firſt Fraction by the Numerator 2 of the ſecond, bn te +4 
the firſt Freien. = * will be multiplied by a; (Art. XX I D conſequently. FR” "2 


the FraQtion that reſults will be triple of the one required, ſince the - 


 Multiplicand 2 _—_ bas yh multiplied - by A. which is js triple. . 
de 39 ele 0 by which i ſhould have been multiplied ; this Pio. 8 CITY 


3 


- 
N * 
1 
of 88) ? 
| /» 


* 


ITY 


e — — — — * - he h A * 
a * I %* r *; 5 \ 9 4 N 9 5 7 2 Re : 5 8 . 8 * n 1 


. 


# 3 > b 1 L 7 , - "9A tf 4 \ 
* = 9 A J ? $5. 1156 
4 2 9 y 


ELEMENTS $92 1 


duct therefore ry ſhould. be ids by 3 which i is the Denominator of 


the FraQtion "4 But by multiplying. the Denominator of the Pro- 


duc - by 3, this Product will be divided by 3 (Art. XXIV.) Wherefore 


4 


the Fraion that. reſults 5 will be the real Prody&t of the W 860 * 


| multiplied by* Fe. 


nan, 

To ah a Fraftion by a FraQtion,- by operating on wa two 
Terms of the FraQion which is conſidered as the Multiplicand, by 
Means of Diviſion. :The Denominator of the firſt muſt be divided 
by the Numerator of. the ſecond, and the Numerator of the firſt by the 
Denominator. of - the ſecond; and; from thoſe 1 there will 


5 reſult a Fraction. equal to the Product . 


Let it be. propoſed to multiply = by 4 : frſt divide ine Denomi- 


nator 10 of the firſt Fraction * the Numerator 2 of the-Second, and 
by this = the Fradion 2 — will be multiplied by 2 (Art, XXIII.) 


but the Produ 2 — = will be triple of the one required} ſince the Num- | 


ber a by which 1 moltghed, is triple of 7 by which I ſhould have mult- 


plied. This Produ 2 Abi p 5 as a concrete Number 9 


F ifths, ſhould therefore. be divided by 3; whence I fay the third Part of 


9 Fifths | is 3 Fr Hure or "Ss and this Finden + will be the e Fraue re- 
quired. | „ | 
= - 

To n a Fraction by. a Fraction, by e on n the two Terme | 
of the Fraction conſidered as the Multiplicand, by Means of Multiplica- 
tion, the Numerator of the firſt Fraction muſt be multiplied by that of 
ſecond, and the Denominator of the firſt by that of the ſecond: and 


the F raQion that reſults having for Numerator the Product of the two 
Numerators, and for Denominator the ProduQ of the two an, : 


_ tors, will be the Produ required. 


Le. je be require to multiply Lb io: 1 confer the u. 


NUMERAL. ARITHMETIC. 

- eand + 45 a concrete. Number 9:T enths, and multiply it fr by the 
-» *.— oak the Moltiplicator' =  faying: twice. 9 Tenths is as 
Tentbs or 351 this Product will be triple of the one required, | becauſe | 
-the Number 27 by whichsT multiplied, is mo of the Fraction 2 KLE 5 
1 by which I ſhould bave. multiplied: the product — therefore muſt be 


divided by the Denominator. 3 of the Moltiplicatr — to reduce it to 
its juſt Value: which is effected by multiplying the Denominator 10 by 


3, (Art. XXIV Y depots will 3 the · Fraction = for the-Frodurt required, 


XXI. - 
As a 1 Nun may be conſidered as a Fact of * it is | 
the Numerator, and Unity the Denominator: when a whole Number The Malti- 
is propoſed to be multiplied by a Fraction, this: Operation may be re 2 95 
£ duced to the. Multiplication of a F OY by a Fraction. For rample, Number by 


a Fraction 


„if it be propoſed to N 3b =; this Multiplication .may be res ls the ſame 5 


as the Mul · 
duced to. that. of 4 by 4 T ; and us will. reſult. for Product . or e . 
2 and =. *** e 


| Whence the-Moliplication of Aa whole Number by a "Fraction, Jong 
Example, of 3 by - is the ſame asthe OY of a Mien by 


4 whole Number 4 For 3X Sor * + is is equal to A * Yor 8. 


1 
To divide by a Fraction, i is to divide by its Nutterator; .and 4 
Wards to multiply by its Denominator. For let any Quantity (for Ex- 


ample) be-propoſed_to be divided by the Fraction = Let. it firſt be di- 1, jus 
_ -vided by the Numerator 3 of this Fraetion: this Diviſior being 4 Times Dreites ty 
too great, ſince it was propoſed to divide only by the fourth Po 


will give a Quotient 4 Times too little; conſequently this Quotient muſt 
be multiplied by the enominato 4 of the ſame TO to Ow it 
0e 28 Vue 9 3 


* = : 
—ů— — —— ITY OTIS eo EY LE ET rr 


rt of 3, « Fraction, | 


NUMERAL ARITHMETICE: 


From whence it follows 19 that the Diviſion by a Fraction, for E 


ainple, by 2 TY is reduced to a Multiplication: by the converſe Fraction s 


4, for the diviſion by the Fraction —— is performed by dividing. by 3; 


The piviſ- and afterwards guet ue by 4: now the Multiplication by the con- 


on by a 
Fraction 


reduced to 


verſe Fraction — "4 is performed by preciſely the ſame zien that 


, (Art. xxv.) by multiplying by 4 and dividing by 3. 


For to divide by the Fractions — 


It follows 29. that the diviſion by a Fraction whoſe Numieritor. i 1s - 
Unity, is really a ere rc by the Denominator of this Fraction, - 


Ty, En, &c. is to multiply by the 


| converſe. Fractions, , =. 2, &e. tha ie, by the whole Numbers 


e 3, 4» - rc. 
XXII. 


T be Diviſion, of a F raction by a Fraction may be performed two dif- 


ferent Ways. 19. Since the Diviſion by a Fraction is reduced to a Mul- 
tiplication by the converle Fraction ; 15 rm a Fraction is propoſed to be 


divided by a Fraction, for. Example, if - was propoſed to be divided 


e 


iſt 11. by 2 = It ſuffices to invert the Terms of 8 Diviſor + to obtain its 


thod of 


n i, Plat wp 5 5 : and. afterwards multiply the Dividend 2: ans this con- 
action 


*die. ee 4 1 * of the Diviſor, and the Produet that ariſes 2 L or 1 will 


Second 


be the Quotient .of the Praction — divided by the Fraction 82 


880 135 


* 


4 8 
29. If the Dividend and Divifor 4 have. the ſame Denominator or are 

reduced to the fame Denominator; the Diviſion may be performed by 

dividing the Numerator of the Dividend: by. the Numerator of the Di- 


- viſor; or elſe by forming a new Fraction having for Numerator the Nu- 
merator of [the "firſt Fraction, and for Denominator the Numerator of : 


gescgg of the ſecond Fraction, the Fraction reſulting from this Operation bat the 5 
PFraction by 


2 Frackion- 


Quotient of the Diviſion. iff the Dividend by the Diviſor. 
Let 1 che Fraction be propoſed to be divided by the Fraelion 4 4 5 
Ibn der theſe two Fractions as concrete Numbers 8 Ninths, * NN 


© whoſe. fractional Units are Ninths 5 8 the Deviſion of 5 b - 


# j 
* ry 8 . 
; 14 
= —— ARS 


_ 5s 3 
We : 
* 5 83 — 


l 


2 e . 1 1 
1 . ; AEST» a" 4 ' y es 
. EN LES 307 * 


ae 
«will he reduced te find how often the Dividend 8 Mathe, contains the 
Diviſor 4 Ninths, which is effected by dividing the Number 8 of the frac- i 
tional. Units of the Dividend by the Number 4 of the fr Ma en of the 
Diviſor, that is, by dividing the Numerator 8 of the Dividend . by the 
Numerator 4 of the Diviſor + ; which will give the whole Number 2 : 
for the Quotient required, : PS rt Cy UE th) - N 11 
20. If it had been propoſed to divide the Fraction 4 by . or the. 


CTT I e 5 
conerete Number 4 Ninths by the concrete Number of the fame Spe- 

. cies 8 Nintbs; the Number 4 of the Fractional Units of the Dividend 
muſt be divided by the Number 8 of the Fractional Units of the 


Diviſor, xhich will give for Quotient the Fraction - having for Nu- 


— 


merator the Numerator of the Dividend 8 and for Denominaior the 

'Numerator-of the'Diviſor S- 72 | | 
As the principal Unit is divided into [ſeveral Fractional 'Units, fo s 
Fraciton conſidered as a collective Unit may be divided into ſeveral equal 
Parts, which are called*Frafional Units of a Fraction; and a Quantity oe - 
conſiſting of one or ſeveral Fractional Units is called a "Fraction fe _ 

_ -Fraflion. For Example, if the Fraction 2 conſidered as an Unit be * W ; 
divided into three equal Parts; each Part which is only one third of the that Babi _ 
Fraction >, will be a fractional Unit of a. Fraction, and the Quan- Fraftions | Ds 
| tity egen of one or ſeveral of thoſe fractional Units is called 1 

| Fracien of a Fracction. 15 25 9925 N j 4 * : 64 | . I 2 5 
. 'To expreſs a Fraction of a Fraction, two Fractions are required ſ- 
parated by the Word /. For Example, to repreſent the two Thirds of 

the Fraction &, it is ſet down thus . of T, which expreſſes 2 
5 12 £ = 6 QF : a . LT 3 CEOS: 6 7 g +, 0p 

Thirds of 5 Sixths. The Denominator 3 of the firſt Fraction ' denot- 

ing into how many Parts the ſecond Fraction is divided; and the-Nume- 

_ -rator of the firſt Fraction denoting how many of thoſe Parte of the Frac- 
Fn TED m 7 
As a Fraction may be divided into ſeveral equal Parts, one or ſever li! 


„ 


* 


of wich form a Fragien ef a Frafjion, in like Manner a Fraction of «. 
Fraction may be divided into ſeveral equal Parts, one or ſevetal of which - 
form a Frattion'of @-Fraflien of « Fraftion; and ſo on ad Infinituns © , 


20 1 3 — 
NE PP ee nn — 
Fa N 


ü Io 5 equal- to 
| all che Free 2 *. 4 


| | minator the bo a * n 887 8 „ N ale of the Numerators of 
kredest of all the Fractions by which it is exptel and r Dee ator * 
4 — me Ic! bh their Denowinators, © oy * Wes 


I " - 
O OF we 


ELEMENTS. 


All thoſe different Species of Fractions of Fractions are ſet down dne 


— the other, 1 ſeparated by the Article of. For Example, if the 


= of the Fraction be taken, it is en chus dhe two. Thirds of ; 


6. 
five ſixths, and ſet down thus = of 5 2. „and if the thre Fourths of 4 
this Fraction be taken, it is expreſſed wo, the _ . e of two” 


A*Pration Thirds of five _ and ſet down thus © — of 5 "of 8 


of 4 Fracti- 
en is equal! XX Xv. 


ane: arifng - 1 2 defermine the Value of a Fraction of a Fraction let ur uke for 5 


Maltptics Example the Fraction of a Fraction Wo of + , which: Om 


tion of the - 


wo Fracti- the one Third of five Sixths! Now the ene 3 of 8 8 is obta 


dens by 


which it is by dividing this Fraction dy 3 :. conſequently twice the one Thifd f 5 
expreſſed 
* + -: will be obtained by dividiag it by 3, and multiplying the Quotient by 2; . 
en Trans. that is, by multiplying: one by the other, he two Denominators and the 


on is always 


the fame WO. Numerators of the Fractions 2 — and 5 - -wherefore a Fraction of - 
whatever 


3. 
Way the 2 Fraction is equal to the Product ariſing from the Multiplicatiom of the © 
Frattions two Fractions by which it is expreſſed. 


3 Since a Fraetion of a Frectior is the Product: of the two Fractions by 


are arrang - which it is expreſſed, and this Product will be always the ſame | 55 what- - . 
. ever Order thoſe Fractions are multiplied, it is manifeſt that = — 1 > 25 2 -- 


A Frattion © 2 
of 4 Fracti · is equal to . of 8 


don of a 
FEraction, * ; XXIV. 


Sec! is 


Fractiom 
having 


the Produ⁊t 4 + 3X6 - a 4 18 * 1 
of the Nu . 3X2 = i 


—_ is: F raction- of a Fraetion Lof = ENT: 3 to the Fraction 25. , 


—_— and in general that « Fraction of a Fraction of a'Fraction 5 &c 7 is. 5 


mh. 20 


equal to - Since 2 | Friction of a Fraction of a Fraction,” 2. g. 2 of Eo 2. 7 
Namerator is mw to the Fraction of a Fraction— K 3 . a4 


that the- Fraction of 2 . 


20 2 228 


* 7 
” ng? _— „ 1 * 3 


41 


Ff 

* 

. 

3 

e LOT 
3 

* 

4 ax” 


Found Sterling into different Parts, which would require a Particular 


of different 


Quantities 


vi. the Pound Sterling, the Shilling, Penny and Farthing, they alſo em- Weights 
mY for Units the Crown, the Guinea, and all the Coins current in Trade. sd 2 
n 


Weights, the Stone, the hundred Weight, the Tun, &c. 


culating each 


| gre.” Farthings. 


* 
* 3 2 . ä n * tk OE A WRIT : 
hs Sig F a * e * Ps” il > ö * A 5 EFT ter 
CGG 2 * 5 
+ N * a , * 4 ” the 7 p Af # 2 4 
- v 7 * F 
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NUMERAL ARITHMETICE 2 


ſufficient Accuracy, unles the Unit was very ſmall ; and in this Caſe the 8 5 


— 


Knowledge bf Fractions. | 
I OJ WE 0, Th „„ 
To remedy thoſe two. Inconveniencies, the Computiſts employ Units-ruhe de- 
egrees of Magnitude for meaſuring the ſame Species f — 

N ; - nits 


In Computations of Money; they commonly employ fourSorts of Units, Naben 


Ares. 


| - Computations of Weights; the Units employed are the Pound, the 
Ounce, the Penny-Weight, the Dram, the Scruple, the Grain; and in heavy 


In Computations-of Lineal Meaſure; the Units employed are the 
Fat bam, the Tard, the Foot, the Inch, the Line, the Ell, the Pole, &c. 
In Computations of Time; the Units employed are the Tear, the 

Month, the Day, the Hour, the Minute, the Second, &c. the Week, which 
conſiſts of 5 Days, is alſo employed for Unit, and an Age which 
.confiſts--of x00 % 007 id 97" 27 99: 398 Bonny oe noe On 
In Computations of Angles and of Ares of Circles; the Units q- 
ployed are the Degree, the Minute, the Second, &c. the Sign each of 0 
which contain r are alſo employed for Units. In fine, for cal- 
Species of Quantities, the Computiſts employ for Untis 
ſome. of the known Parts of the ſame Kind of -Quantities '*© 82" 
5 CJ . on TnL cs LL 
The Value of the different Units, above mentioned, and the Charac- Ded n. 
ters by which they are. diſtinguiſhed from each other are as follows. ployed in 
IN Monsxy,.J. -denotes Pounds Sterling, 5. Shillings, d. Pence, and — ne 


1 * 
* . 
n « BEL 
Py p 0 » 
4 : 5 * 
1 123. * 
3 * 
* — 
7 % - „ 
bak 


1 ELEMENTS or 
1 Pound Sterling i is equal to 20 Shillings, 1 Shilling to 12 Pence, 


Frein. x Penny to 4 Farthings. 


— 


In WIIchTS . denotes Pounds, 0. Ounces, dur. Penny Weights, 


| which they 2 Scruples, 3. Drams, cut; hundred Weight. 


Sen 
= 


to be an Operation by: which a Number is - found equat to the Sum of 


IN Troy WEICH uſed for weighing Gold, Silver, Seeds, Liquors, 
Bread, Medicines, &. 1 Pound is equal to 12 Ounces, 1 Ounce to 20 
Penny Weight, and 1 Penny Weight to 24 Grains. 
of compounding of Medicines, & c. 1 Pound is divided into 12 Ounces, 
1 Ounoe into 8.Drams,- and 2. Pram into 3” Scruples, and 1 Serurle 


into 20 Grains. 


IN AVOIR-DU-POLSE Wrienr, uſed for - weighing - courſe nd; 


heavy Goods, ſuch as grocery. Wares, Pitch, Tar, Roſin, Wax, Tal- 
low, Flax, Hemp, &. Copper, Tin, Iron, Lead, Steel, &e. 1 Tun is equal 
tg 20 hundred Weight, a hundred Weight to 8 Stone, 1 Stone to 14 


Pounds, and 1 Bound to 16 Ounces, 
In Linzar, MxASDURR, F. denotes Firtoms N. Yards, N Feet 7, 


| Inches, 4. Lines, E. Ells. 


1 Fathom is equal to 2 Yards, 1 - Yard 6 3 Feet, 1 Foot to 12” 
Inches, .1 Inch to "0 Lines, and 1 Line to 12 Points, 1 El 1 is: equal to 


143 'F of a Yard. . 


In treating of the Addition of Par a Numbers, we defined Addition” 


ſeveral other Numbers. We proved afterwards that the Numbers to be 
added ſhould conſiſt of Units of the ſame Species, and that the Units of 
the Sum reſulting from their Addition are of the ſame Species. All which- 
is likewiſe applicable to compound Numbers: for though the Units of 
all their Parts are not abſolutely the ſame, they are reducible to ſimilar 


Units; that is, a certain Number of Units of a lower 8 


an Unit of another Part of a higher Denomination. - 
ae 


Compound or applicate Numbers that are propoſed to be added to-- 
Pricefs of gether, muſt be ſet down one under the other; ſo that all the Parts 


Aahitlon of whoſe Units are ſimilar, may ſtand in the ſame Column; and all the Figures 


mimt Num- 


bers, 


 ...,, Units of the next-ſuperior Denomination ; they muſt be retained to add 
\. them to thoſe of the next Column; and what remains ſet down under 


nation muſt be zrſt added: and if their Sum contains one or ſeveral 


| the Column that was added. I be ſame Operation being performe 1 


pon each Column, the Number under the Line will be the Sum te- 
l of the compound ä which were Wonne to be added. 


of the ſame Degree that are in decuple Proportion, may allo ſtand under 
one another. I hen a Line being crews under them, to ſeparate them 
from their Sum; all the Paris whoſe Units ate of the loweſt Denomi- 


= for finding:the Sum of any other Kind of compound Numbers. 


| retained from the Column of tens of Shillings, and 7 is. 1 


J . 1 4 „ tA, > * 
2 1d, 1, 9 „ 1 I's 4 
* . Fi 
£ Fw 4 
* - "Ie" / 
- 
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7 


T0 illaſtrate thoſe Rules, we ſhiall proceed to apply them to ſeveral 
FExamples; in Money, aſſuming for Units the Pound Sterling, the Sbilling, 

Penny and Fartbing; in Weights, aſſuming for Units the Fm, the 
Ounce, Penmy Weight and Grain; in lineal Menſuration, aſſuming for 


Units the Tard, the Foot, the Inch, and the Line. Thoſe Examples well 
underſtood will be ſufficient to ſnew how thoſe Rules are to be applied, 


"XLINH, 


Let it be propifed to find the Sum of the” four following ned Numbers 


3871. 12s. 8d. 39. 7159). 197. 11d. 2qrs. 896ʃ. 17s. rod. 197i. 


414583 195. gd. zert. 


Hlaving ſet down thoſe Numbers as in the > . 4. 9. 


Margin, 19.-I begin by adding the Farthings, 387, 12. 3 3, "Addition of 


as being the Units of the loweſt Denomination, 2 r 


is 6grs. and 3qrs. is ↄgrt. and becauſe g qrs. con- 4563 


Pence 


| | 2 , © PoundeShil 
= ſaying: 3 Farthings and 2977. is 5qrs.-and 19rs. 896 17 ro I lings and 
| TER RS SONS explained by 


tains twice 49rs. which is 2d. and 197. over. 1 6608 10 4 2 - Example. 


ſet down fert. under the Line in the Column - 
of Farthings, and retain 2d. to add them to the i Column. _ 
20. As the tens of Pence form no particular Species of Units, and that 


12 d. is equal to 1 Shilling; I add together not only all the Pence, but 
alſo the tens of Pence; to find the Sum of the Pence. ng: 2 Pence 


I retained from the Column of Farthings and 8d. is 10d; and-1 19. is 21d. 


SS and rod. is 31d. and g is 40d. and as 40d. contains three Times 12 Pence 
or 3 Shillings and 4d. over; I fet down 4 Pence in the Column of Pence, 


and I retain the 3 Shillings to add them to the following Column. 


3. Since 2 tens of Shillings is equal to. 1 Pound Sterling, and that 


there are Units of Shillings which may amount to ſome tens of Shillings; 


IJ add the Column of Shillings at twice, beginning by the Units place 


of the Shillings. And I find 30s: or 3 tens of Shillings, I therefore ſet 
down a Cypher in the Units place of Shillings, and retain 3 which 1 
add to the tens of Shillings, whoſe Sum is 7; and as 2 tens of Shilling 
is equal to one Peund Sterling, the 7 tens of Shillings will be equal to. 


3]. 105. I therefore ſet down 1 in the Column. of tens of Shillings, and 
retain 3. Sterling to add them / to the Pounds. c 1 

and 910. i 
191. and 6ʃ. is 251. and 3/. is 287. which contains 2 tens of Pounds and 


81, over.: I therefore ſet. don 80. in the Units Place of the Pounds, and. | 

I retain & tens e add them io thoſe of the following Column, And 

performing the Remainder of the Operation as explained in Addition of 
ſimple Numbers, 1 find 6608.“ 107. 4d: 128. for the Sum required. 


1 
= > 


e 


4e. Proceeding to the Colomn of ſimple Pounds, I 7 5 Pounds H 


5 


ELEMENTS OF. 


5 ian: . 
Lt *t 4a propoſed to find the Sum of the 4 following cs Number 


4725. 110. Idiot. 22gr. 1438/6. 100. dr, gt e 256816, 110z. G 

18dwt. 10gr. $4816. 100z. 17dwt.. ggr. F ( 

Aadition of Having ſet down the thoſe Numbers as in the 5. oz. dwt. gr. g 
Found, Margin, I begin by adding the Grains, as being 472 11 19 22 

. 2 the Units of the loweſt Degree. Saying 2297. 1438 10 14 21 1 

Weise and 2197. is 43gr. and 1ogr. is 5397. and g is 2568 11 18 10 f 

3 <=; _ png” cf twice _ 0 : gens, 70 179 1 

e. Weights and 1 rains over. I therefore fet. EY | 

190 Pen 14 r. 2 Column of Grains, retaining the 4829 MALE one i 


2 Penny Weights to add them to the Column of Penny Weights: 
Proceeding, to the. Column of Penny Weights, I find 68 dw. to which | 
adding the 2 Penny Weights retained from the Column of the Grains, 
there reſults Jodut. which contains three Times 20 Penny Weights, or 
3 Ounces with 1odut. over. Ltherefore ſet down 10 dt. in the Column 
of Penny Weights, and retain 3 for the Column of Ounces, 
Proceeding to the Column of -Ounces, and adding to it the. 3 FO RAM 
- T-retained, I-find-450z. which contains 3 Times 12 Ounces, or 3 Pounds 
with gez. over; I therefore ſet down gez. in the Column. of Ounees, and 
retain the 30z. to to. add them to the Column. of Pounds. 
Proceeding to the Column of ſimple Pounds, and adding to it the * 
Pounds that I retained from the Column of Ounces, I find 2946: that 
is, 2 tens of Pounds and 9 Pounds over, which I ſet down in the Column 
a of ſimple Pounds, and retain the 2 tens to add them to the Column of 
5 tens of Pounds, and performing the Remainder of the Operation as ex- 
ſh pflained in Addition of ſimple. Numbers, 1 find 42999 N zan, 14er. | 
| for the Sum required. . | | 
ds Ear te fr. fig ic 
| a. Lit it be propſed to "the Sum of the four fol mix 1 
= 327 27. 61. 10L. 144T. if. gl. gL. 677. 2f. 10. 8L. 78. of. 11-11, 
AA Addition of: Having. placed thoſe Numbers as in the Mar- | 
SM On Poe oc in, I begin by adding the Lines, as being the YL. 0 IL. L. 


Lines ex nits of the loweſt Degree. Saying: 10L. and 32 2 6 10 
ok .oL. is 19L. and 8L. is 27 L. and 11L. is 38L. 144 19 9 
an 


which contains 3 Times 12 Lines, or 3 Inches 67 2 10 -8- 
with 2 Lines over, I therefore ſet. down 2 L. in · 28 2 11 11 
thé Column of Lines, and retain * 5 1 them 3 4 TT 3. 3 
to the Column of Inches. eo 7 | 
Proceediag to the Column of Inches, I lay: 37 that Lretaised from 

the Column. of. Lines, and 61. is 91. "and 91. is 187. and 10. - is 28. and 
11. is 39L which contains 3 Times 12 Inches, or 3 Feet, with 3 Inches 
over, I therefore ſet down 3 Inches in the Colunan'of Inches, and? ne : 
3f, to add: them to the-Column of Feet. 


2 Ane * 8 2 27 _ ih * 2 WR * > nd - * a 7 - 1 n = = * 2 * Wu * * 9 * 
R ä W g ( 8 n 2 * 7 
* ? PRINT Fas W 9 R 3 * &n vB Bu WY al © * 7 3 
5 4 + 1s ; 


> Do 


* 
* "4 
1 * 
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| Proceeding'ts the Column of Feet, I ſay: 3f. that I retained and 2f. 
is 5f. and 1 is G and 2f. is 8f.. and 2f. is 1of. which contains 3 
Times 3 Feet, or-3*Yards and 1f. over. I therefore ſet down 1 f. in the 
Column of Feet, and retain 3 Yards to add them to'the Column of 
JC VVV on 
Proceeding to the Addition of the Column of Yards, I ay o 
chat J retained and 27. is 57. and 47. is 97. and 77. is 167. and g © 
is 24 T. which contains 2 tens of Yards, and 4 Yards over, I therefore 
ſet down 4 Yards in the Column of Yards, and retain 2 tens of Yards 
to add them to the Column of the tens of Yards that follow, compleat- 
ing the Addition, after the manner explained in the Addition of ſimple 
Numbers, I'find-3247. 1f. 3. 2L. for the Sum required. 
In treating of the SubtraQion of ſimple Numbers; we defined” Sub- 
traction to be an Operation by which one Quantity is deducted from 
another, whence we concluded that the Quantity to be'deduRted ſhould © 


"4 
„ 
* 


3 ſiame Species. For Example, a Quantity made up of different N e i 
| | arts 


487. ” To- ſubtract one compound Number from atiother: com mpound or , 5 I 


5 
* 
* 
8 
de, 3 4 


18 4 - * * 
— i 

þ 5 
4 
* * We 
> 
res 4 N 5 ws 
4 > | 2 „ | x £44 
2 p 5 4 
+ 8 * 0 

7 : > . | 

32 8 ; 
oy TN : 3 

F "I l =, * 


ber, an SP mulf be borrowed from the followin f 


hs” ELEMENTS, 9 


of the next faperior. Denomination, in the upper Number, and this 


Unit reduced into Parts of the fame Species with thoſe from which the 
SubtraQion is required to be made, added to them, whereby they will 


' be ſufficiently increaſed, fo as the Number of Parts. may be deduQted 


.-SabtraQion | 


from them, that could not be deducted. before. The ſame Operation 
muſt be performed for all the- Species. of Parts in. the Quantity ta. be de- 
ducted, which are in greater Number than in the correſponding Parts of 
' the Quantity from which the Subtraction is required to be made, and 
Care taken to deduct the Unit borrowed Yom the n. from which 
zit has been borrowed. 
XU VIII. 


5 Having placed the Numbers as in the Margin, 1 1 | 
- Shillings; | to obtain.the\.Remainder;.of the Subtraction, I firſt > th Ert. 


and. Pence. 


ſubtract the Farthings, which are the Parts of the „ 
| loweſt Denomination, but as the 3 Farthings to 98 


Pate that are 


Let it be propoſed to ſutra 98). 147. 10d. 3qrs. from. 199], 15 64. 217 


2 ſubtracted are not contained in the 2 correſ- 100 6 7 7 
ponding Farthings of the upper Number, —TZT Ren oe 
row. Penny from the Number of Pence in the upper Number, and 


reducing this Penny into 4 Farthings, I add them to the 2 Farthings from 


. Firſt Ex- 


* 


which the Subtraction is required to be made, and deduct 3 Farthings 

from 6 Farthings, and ſet daun 3 Farthings: for the Remainder. of the 
F arthings. 

Proceeding to the Column of Pence, 1 have 10 Penes- to deduct from 


5 Pence, (becauſe the Unit. borrowed: from 6 to carry it to the Column 


et Farthings has reduced this Figure to g) I therefore. borrow 1 Shilling 


from the upper Number of Shillings, and reducing this Shilling into 12 
Pence, I deduct 10 Pence from 17 Pence, and ſet down- 7 Pence for 


„the Remainder of the Pence. 


Then: proceeding to the Column of Shillings, 1-have 44 Shilling to 
ſubtract from nothing, becauſe, the Shilling in the upper Number was 


Pre? | þorrowed and employed i in the Pence: I therefore borrow 1 Pound from | 
ide Pounds of the 


upper Number; and reducing this Pound into 


s for 


| 425k "gs, I deduct 14: Shillings from-20 Shillings, and ſet down 6 Shil- 


Remainder. of the Shillings. 
Proceeding to the Units Place of the Pqunds, I ſubtract | 8 ds 


0 from 8 Pounds, (becauſe the Vnit which was borrowed from the Figure 


9 to carry it to the Column. of Shillings has reduced this Fi igure to 8) 
Nude E 1 Tool: 65. 7d. N n. OW - 


and there remains nothing. In fine, continuing the Subtraction as in Jang | 


e Rf We og 


* ' FLEE 
F ² Q WEE 4 


r 
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” © . | 2 a 
Nemainger r ired. 5 
1 — ; 
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: 5 Be. 5 3 
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4 


if 


Let it be propoſed to futradt gl. 267. 11d. from q0). on . 


Having placed thoſe Numbers as in the Margin, and . „ 4. „ 
as the 11 Pence to be ſubtracted cannot be deducted ? 2 38 22 
from 8 Pence which ſtand over it, and that nothing can 40 © 8 ample; 
be borrowed from the Shillings, or from the Units of 2 16 11 
the Pounds, I borrow one ten of the Pounds, leaving 9 30 ᷣ 3 go 
Pbunds in the Rank'of the Pöunds, and 19 Shillings in ; 


* 


the Rank of Shillings, and adding the Shilling remaining reduced into 


Pence to the 8 Pence, I deduct 11 Pence from 20 Pence, and ſet down * 


9 Pence for the Remainder of the Pence, and the Operation is there by 


reduced to deduct gl. 16s. from 39 tos.” Therefore deduct 167, from * - 5 | 


197. and ſet down 3s. for the Remainder of the Shillings, then proceeding to 
tne Pounds I ſubitaQ'y Pounds from 39 Pounds, and ſet down 30 Pounds + : 
for the Remainder of the Pounds, and there reſults 304. 34:98. for he 160K 
Remainder require. | JJ mar 


Let it be propoſed to” ſubtratt Bib. 1E. 1dwt. agr. from 166. Berz. 


** ys 


Jdtut. 1787. 


Having placed thoſe Numbers'as in the Margin: Su 


* 


JJ and 4s 22. 16, 8 7 17ers OY 
Grains cannot be deducted from 17 gr. I borrow'2dwt. _3..10 222 | Weights 3 


or "2487. which adding to the 17gr. I deduct 22g. e 29-0 mw 


from 41#r. and ſet down 19gr, for the Remainder ' 3 | 
Proceeding to the Columm of Penny Weights, as Penny Weighi © 


; >. : 5 


ceuannot be de duered from 6 Penny Weights, to & hich the Penny Weights 


of the upper Number are reduced, becauſe dib has been borrowed from '' ' 
them, I borrow 1 Ounce or 20dwt.” and adding them to the 6dwi, I * 
deduct dt. from 26dewt. and ſet down rgdwr. for the Remainder of the = 1 
Penny, Weights, - HTS. vo 1 * 7 1 85 % = Su A . „ 
Then proceeding to the Colutin of Ounces, as loggt cannet be dee? q 


ducted from 702: to which the Ounces of the upper Number are reduc- 


ed, becauſe 10%, has been borrowed from them, I borrow 1 Pound or 
12.8 and adding them to the 79/1 deduer 10g. Nom 1g2z. and ſet. don 


992. for the Remainder of the Ounces. - 


J 


oY. Laſtly proceeding to the Column of the Pounds, 1 ſubtract 8 Pounds Y 
| from 15 Pounds, becauſe 21h. has been borrowed from the 6 Pounds, and. 
. the Subtraction being finiſhed, there reſults 716, 95. Ida, 1ggr; lor tb 1 


1 4 1 
5 e 
8 


VVV ELEMENTS OF 


55 LI. N 
Let it EY propoſed to ſubtraft 977. 27 7 from 1007. * ol. 
Subtraction Having diſpoſed thoſe Numbers as in the Margin, | 
of Yards, and as 117. cannot be deducted from of. I borrow an 3 7 * 
5 9 Unit from the Feet, and deduct 117. from 121, and ſet 1o0 2 © 


5 . down 1. for the Remainder of the Inches 97 2 11 


Proceeding to the Column of Feet, as 2 Feet cannot FRE * 
be deduQed from 1 Foot, to which the Feet of the up- ML a 
per Number are reduced, becauſe 1 Foot has been borrowed from them, 
1 borrow 1 Yard, or 3 Feet, and adding it to the 1 Foot, I deduQ 2 
Feet from 4 Feet, and ſet down 2 Feet for the Remainder of the Feet, 
and compleating the Operation re N to the ee Rules, I find 
27. of. II. for. the Difference required. : 2 OR 
De . LII. Z 
A Queſtion In the foregoing Articles we have 1 all the little Difliculties 
for Pra@ice that occur in the Subtraction of mixt Numbers, and that might embar- 
een raſs Beginners, either in paſſing from one Column to another, or in bor- 
tion of mixt rowing, when the Number of Parts to be ſubtracted, is greater than 
Numbers. that from which the Subtraction is required to be made. For the 
further Exerciſe of the young PraQitioner the following Queſtion i is pro- 
poſed, in which Addition and Subtraction are equaly concerned, 
A Merchant in balancing his Books, finds he hath in ready Msbey, 
156. 1 p. in Goods, 1749). 195. 6d. his Stock in a Company Trade was 
4991. 197. 6d. 2qrs. due to him in open Accounts 29771. . 7d. 3976 
is Conſignments 479. 195. 74. He owes to A. 145 * -7d. 2475, 
To B. 99l. 197. 11d. To C. 497). 175. 10d. and to the Barik * 
Mhat! is his nett Stock? Anſwer, 33191. 187. | Tod. 
| KITE. | . 
% The Multiplication of applicate Numbers, ; is performed by N 
5 Wiebe ing the Multiplicand by All the Parts of the Multiplicator: but as the 
| cationof Multiplicator when it is a mixt Number conſiſts of Parts leſs than the 
8 8 rincipal Unit, and that each of thoſe principal Units denote that the 
eke muſt be taken once, the Parts of the Multiplicator which 
are leſs than the principal Unit, will denote that Parts of the Multipli- 
1 ond muſt be taken for the Product. To render the Rules of the Multi- 
plication of applicate Numbers more intelligible, we ſhall Proceed io ex- 
r them in their Application to ſeveral Examples. 
Multiplication being an Operation by which the Mutiplicand is re- 
peated à certain Number of Times, expreſſed by the Number of p . 
_ cipal. Pnits in the Multiplicator ; z the Multiplicator ſhould be conſidered 
2s an abſolute Number, even. when it is applied to reckort an . 
Species of Units, and the Units of the Product would e . 
of the ſame WORD as. ute of the OO”! L 


* 
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NUMERAL ARITHMETIC k. 
| Let it be propoſed to multiply 5181. 145. 8d. by 74 f. 


Having placed thoſe Numbers as in the True bali 


L Margin. To Multiply regularly all the Parts 518/. 145, 84d. plication of 
54 of the propoſed Multiplicand, by all the Parts E11 
12 of the Multiplicator ; I begin by multiplying — — r e 
© the whole Multiplicand by 74, multiplying af= 4 207% erplained by 
55 terwards the ſame Multiplieand by the Frac- 70 3926 x": BOO 
em, tion 4. But the Multiplicand 5181. 14-. 8d. con- 105. IG 1: 
& 2 ſiſting of three Parts, I multiply thoſe three 97 EZ. 
'cet, Parts one after the other by 74. 15 | ON 2 9 44. 
find 10. I multiply 5187, by 74, and ſet down e, e e 
. the particular Products 2072 Units of Pounds, 38515). 197. od. 
and 3646 tens ef Pounds, as in the Margin. | 5 
lties 29, To multiply 14s. by 74, I divide 145. into Parts that may be con- 
bar- tained each a certain Number of Times in the Pound, which is the prin- - 
bor- cipal Unit of the Multiplicand, Thoſe Parts will be ros. and 4s. which 
than I multiply ſeparately by 74. fp | 5 „ 
the To multiply 10s. by 74 T obſerve that 105. is + of a Pound, and that 5 1 
pro- 1 Pound Multiplied by 74 will give 74. whence I conclude that the £ of - _ 
© OW a Pound or 107. ſhould only give for Product the + of 744. that is 37/. A 
ey, | To multiply 4s. by 74, I obſerve that 4s. being 3'of a Pound, and rx | 
was Pound multiplied into 74 giving 74/. the 3 of II. or 4s. multiplied by 24 
Art. ſhould only give the 3 of 741. which is 141. 16s. for the + of 740. is 14. 
are, and there remains 4/. or 80s. the ; of which is 167. | | | 
gol, 39. To multiply 8 Pence by 74, I obſerve that 8 Pence being the -:. - 
— of a Pound, and that conſequently. 8 Pence multiplied into 74 ſhould - 
7s jonly produce the 6 of 74/. whence we may take for the Product the 70 55 
ply- of the Multiplicator 74, conſidered as a Number of Pounds. P30 5 
the But inſtead of taking the 2 Part of 741. it will be more commodious 155 
the to make uſe of the Product 14/. 16s. found for 4s. ſince 8 Pence is the "Bs 
the ſixth Part of 4s. the Product of 8d. into 74 will be the ſixth Part of the 8 
ich Product 147. 16s. found by multiplying 4s. by 74; whence the Opera- 
pli- tion is reduced to take the ſixth Part of 14/. 16s. which wilt be 21. gs. „ 5 
Iti- becauſe the fixth Part of 14. is 2/. and there remains 21. or 40% which Fad 
ex- adding to 16s. I*take the ſixth Part of 56s. which is 9s, and there re=. + 
3 mains 25. or 24d. the ſixth Part of which is 4 Pence. 
re- Having multiplied the Multiplicand 5181. 145. 8d. by 74 it remains to 
in- multiply it-by the FraQtion +, to effect which I obferve that if 
red 5181. 145. 8d. was multiplied by 1, the Product would be the whole Multi- 
lar 3 plicand 518“. 147. fd. the Product therefore ariſing from the Multipli- 5 
be cation of the ſame Number by &, will be the 4 of 5181. 147. 8d. which „ 
2 3s Ind to be 129). 135, 8d. becauſe the 1 of 518. is 1291, with a Remain- e 
ys 5 


23 6 
vs 8 


5 4 ELEMENTS o 


der 21..or 40s. which added to 14s. makes 54s. the 4 of which is 13s. with 
a Remainder 2s. or 24d. which added to 8d makes 324. the 7 of which is 84. 
All the Parts of the Multiplicand being thus multiplied by all the 
Parts of the Multiplicator, and all the particular ProduQs ſet down, I add 
them together and their Sum 385157. 19s. will be the Product required 
of the mixt Number 5187. 14. 8d. multiplicd into 744 
| I. v. 1 50 
The Rules to be obſerved in the Multiplication of Money ſufficiently 
appear from the foregoing Example, The only Difficulty that can occur 
in this Operation, is to find what Parts of the Multiplicator conſidered as 
a Number of Pounds are to be taken for the different Numbers of Shil- 
lings and Pence in the Multiplicand, which, for the Aſiſtance of the 
young PraQitioner, we ſhall proceed to explain. _ 5 
Table fer When the Number of Shillings or Pence, or of Shillings and Pence 


. together, are contained exactly a certain Number of J imes in 205. that 


Multiplica- is, in a Pound, the Shillings or Pence, or the Shillings and Pence to- 
tor alben der gether, are ſaid to be aliquot Parts of a Pound, So that the aliquot Parts 
the different Of a Pound is always a Fraction of a Pound having for Numerator 
Numbers of Unity, and for Denominator the Number of Times that the Shillings 
eee z or Pence, or the Shillings and Pence together, are contained in a Pound. 
Farthings in TOs. is the 4 of a Pound, whence for 107. the 4 of the Multiplicator, 
the Multipli conſidered as a Number of Pounds is taken. 
and. 55, Is the 3 of a Pound, whence for 5s. the 3 of the Multiplicator is taken. 
For 4. which is the ; of a Pound, the ; of the Multiplicator is taken, 
For 2s. which is the s of a Pound, the 4, of the Multiplicator is taken, 
For 1. which is the 28 of a Pound, the 2 of the Multiplicator is taken. 
For 6s. 8d. which is the 2 of a Pound, the 4 of the Multiplicator is taken. 
For 3s. 4d. which is the g of a Pound, the 3 of the Multiplicator is taken. 
For 1s. 8d. which is the r of a Pound, the z of the Multiplicator is taken. 
For 25. 6d. which is the 7 of a Pound, the 2 of the Multiplicator is taken. 
1 5 For 6d. which is the 0 of a Pound, the d of the Multiplicator is taken. 
r For 3d. which is the 8 of a Pound, the 2 of the Multiplicator is taken. 
= „„ For 8d. which is the ,x, of a Pound, the 8 of the Multiplicator is taken. 
For 49. which is the of a Pound, the , of the Multiplicator is taken. 
For 2d. which is the 228 of a Pound the 220 of the Multiplicator is taken. 
For 19. which is the +5; of a Pound, the z4; of the Multiplicator is taken. 
When a Number of Shillings is not exactly contained a certain Num- 
ber of Times in a Pound, it is called an aliguant Part of a Pound. A 
Number of Pence which is not contained exactly a certain Number of 
Times in a Pound, is alſo called an aliquant Part of a Pound. 
| When the Number of Shillings or Pence in the Multiplicand is not 
an aliquot Part of a Pound, but only an aliquant Part, the Computiſts 
| dae, it into two or three Parts, each of which are aliquot Parts of a 
Pound. . 
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Es multiply 18s. by the Figure ) of the Units of the Multi- 457 
== plicator. But as it would be too difficult to perform this 
LMb)ltiplication at one Operation; I multiply firſt 84. by 7, 4111. 
which gives 565. I ſet down the Figure 6 in the Rank of 


NUMERAL ARITHMETICK. 83 

5 | {2% IVI. 95 | | 
The Multiplication of Numbers conſiſting of Pounds, Shillings, Pence, 

and Farthings, according to the foregoing Method, being often Times Method of 

tedious and perplexed, we ſhall proceed to explain the more compendi- — funk 


ous Rules, the Computiſts have found for remedying this Inconveniency. tion the 
The Pounds and Shillings of the Product, ariſing from the Multipli- Pounds and 


cation of the Shillings of the Multiplicand by a whole Number, is ob Shillings 


” arifing from 


| tained, at one Operation, by the following Rule. Multiply the Num- the Multipli 


ber of Shillings by the Figure in the Units Place of the Multiplicator, _ of 2 


umber of 


and if this Produ@ be leſs than 20, ſet it down in the Column of Shil- gags 


lings; but if this Product is greater than 20, retain 1/. for every twenty into a whole. 
Shillings it contains, and ſet down the Remainder in the Column of Number. 
Shillings. Then multiply one half of the Number of Shillings by all the 

other Figures of the Multiplicator, removing each Figure of this Pro- 


| duct one Place towards the right Hand, and adding to the firſt Part of 


the Product the Number of Pounds that were retained, 
VVL LvII. 
Let it be propoſed to multiply ol. 16. by 457. 
Having ſet down thoſe Numbers as in the Margin, 
19. To obtain the Shillings of the Product, I multiply the .. 
Figure 1s. by the Figure 7 of the Units of the Multipli- 457 
cator; and as the Product 7s: is leſs than 20s. I ſet it down ————. 
in the Column of Shillings. _ $5 221, 17s.. 
2. To obtain the Pounds of the Product, I. multiply 2, | 
which is the one half of the Number of Shillings, by the remaining 


» Figures 45 of the Multiplicator, that is, I take the one half of 45, re- 


moving each Figure of the Product one Place towards the right Hand, 
which will be 22/. 10s placing the firſt Part 22/. in the Rank of the 
Pounds, and for the 10s. placing 1 ten to the left Hand of 7s. already 


ſet down. By this Operation, I find 221. 17s. for the Product of 1. 


multiplied into 457. 
; EVITE: 
Let it be propoſed to multiply ol. 18s. by 457. 


Having placed thoſe Numbers as in the Margin, 19. I olan 45 


: Sec d Ex 
65. gle. 8 
the Shil ings, and retain: the 5 tens of Shillings, I-then multiply the tens 

of Shillings by ), and there reſults for product ) tens of Shillings, which 


| added to the 5; tens retained, makes 12 tens of Shillings or 6/. there be- 
| ing therefore nothing to be ſet down in the Rank of the tens of Shillings, 


I retain 60. to add them to the Pounds. 
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29. I multiply the one half of the Member of Shillings, that is, g.. 
by the two remaining Figures 45 of the Multiplicator, removing 'the 
Figures of the Product one Place towards the Right Hand, and adding 
to this Product the 67. that was retained, there reſults 41 1 Bo that 
- 4111. 6s. will be the whole Product of 187 multiplied into 457. 

LIxX. 
Let it be propoſed to multiply ol. 175. by 457. 

Having ſet down thoſe Numbers as in the Margin, 1“. 1 

multiply 175. by the Figure 7 of the Units of the Multipli- . 
cCator, which gives 51. 19s. I ſet down the Part 19s. in the 457 
„ Ex- Rank of Shillings, and retain the Part 5“. 

hy 20. I multiply by the two remaining Figures 45 of the 355 19 

Multiplicator, the one Half of the Number of Shillings, that 22 10 

is 87; but as this Operation cannot beperformed but at 3887. 99. 

twice, I firſt multiply 8 by 45, removing the Figures af the 

Product one Place towards the right Hand, which with the 51. retained 

gives 365]. I afterwards multiply 3 by 45, that is, I take the 2 of 45 

conſidered as a Number of Pounds which is 22/. 10s. | 
By this Operation I find the Product of 17s. METRE: ” 457, in 
two Parts, the Sum of which is 3881. gs. 
LE, 

-=Methoa of The Pounds, Shillings, Pence, and bade of the Product ariſi ing 
finding at from the Multiplication of the Number of Pence or Farthings of the 
; ou 8 Multiplicand, which is an aliquot Part of a Shilling, by a whole Num- 
| 8 ber, is obtained at one Operation by the following Rule. Divide the 
 Shillings, Figure i in the Units Place of the Multiplicator, conſidered as a Number 

1.2 1 of Shillings, by the Number of Times that the Pence or Farthings 
dar a are contained in a Shilling, and ſet down the Quotient in the Rank of 
the Molcipli the Shillings Pence and Farthings, if there be any; then divide the re- 
: — or maining Figures of the Multiplicator by double the Number of Times 

Pence or Far that the Number of Pence or Farthings of the Multiplicand is contained 

r into a in a Shilling; and the Quotient being removed one Rank towards the 

ber. right Hand, will expreſs the W and the Parts of the Pounds if 

there be any. | 


— 


| IXI. 
: Let it. be e to multiply ol. os. 3d. by 457. 
Having diſpoſed thoſe Numbers as in the Margin, 
obſerve that 3d. being the one Fourth of a Shilling, e 34 
Firſt Ex- the one Fourth of the Figure in the Units Place of the 457 : 
ample.  Moultiplicator conſidered as a Number of Shillings, and Goh 
| the one half of the one Fourth, or the one Eighth of Sl. 145 3d 
/ | | the remaining Figures of the Multiplicator, muſt be 
taken, that is, the Figure ) muſt be divided by 4, and the remaining 
cn by 8. But as in . the 8 of the  higheff Degree 


ds the 


Figures of the Multiplicator which precede that in the Units Place; re- 


Part of 45 tens, which is 5 tens: and as this Quotient muſt be removed 


Rank of the Shillings and Pence, under this Form 14s. 3d. whenee *+ 


* > of 5 4 
go * A -—& 
N . % 8, 1 
8 7 - 3 & 
* * PI 5 r* 14 5 
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obſerve that the 8d. in the Multiplicand, being the ol. os! 8d. 
Figure 7 Units of the Multiplicator, or the one Third — 


one Third of 45 tens, which is 15 tens : and as thoſe 15 tens which 


n 1 a ry . W 14 * * * 4 2 4 * - 
OTE Rp 4 4 2 F kd oo nu As WOE 7 > 14 WI 3 * 7 Den 


1 N . * ** . * ä * _ 
* * A N FE * IV, he 4 1 5 * 7 — 2 n IPRS 9 SUB RI * n 2 N „ a - 20 — * 2 * _ . p * 
* : 7 * * 2 * 4 v.47 8 ” * K * of a # 198 bc. 136-4. 2 ASIC 1 3 * 4 0 * N N — — Ry z * Nat * 2 
; 3333 e eee SY . 8 3 * n Cs n , 4 y 19 ELD 25 3 ä 5 p ; * 2 > * f 
Y P . . f 1 A TY . & £ 4 - Y 2 73 5 FT > * 2 * 
Fe 5 * 1 nw * LP. ” by 
* . "tr wt ; - > "7: R bt . by 


NME RAL ARITHMETICK _ 
muſt be firſt divided, in order that the Remainders may be reduced and 
added to the following Figures; I begin by taking the one Eighth of the 


+ 


moving the Figures of the Quotient one Rank towards the right H 
to repreſent the Number of Pounds. I therefore take the one Eighth” 


one Place towards the right Hand, I ſet it down in the Rank of the 
Pounds, the Remainder 5 tens being added to the Following Figure 7 
makes 57, the one fourth Part of which is 14, which I ſet down in hb,·¶eꝗ⁊· 


there reſults 5/, 14s. 3d. for the Product required of 3d. multiplied into 
Loe it be propoſ ed to multiply ol. os. 8d. by 457. W 
Having placed thoſe Numbers as in the Margin, I 7% +, 72% 1664 


two Thirds of a Shilling; the two Thirds of the 457 2 
of 14 double of this Figure 7, and the one Third only 15. 4s. 8d. ample. 
of the remaining Figures of the Multiplicator, muſt be 2 
taken. But as this Operation is a Diviſion, we ſhould begin by te 
Figures of the higheſt Degree, and take the one thirdof them, removing 
the Quotient one Place towards the Right Hand, I therefore take tile 


conſiſt of 1 hundred and 5 Tens, ſhould be removed one Place towards the 
right Hand ; I ſet down 1 in the Rank of the tens, an 5 in the Rank 
of the Units of the Pound. I afterwards take the two thirds of 7 Units 
or the one Third of 14 Units; which gives 43, which I ſet down in the & 7 
Rank of the Shillings and Pence, under this Form 4s. 8d. whence | 
151. 45. 8d. will be the Product of 8d. multiplied into 457. _ 
5 | Ann | | 
Let it be propoſed to multiply ol. os. 11d. by 457- 

Having ſet down thoſe Number as in the Mar- 


gin, and obſerving that the 11d. of the Multipli- ol. o.. 114. . 


| card is not an aliquot Part of a Shilling; I di- 435 Tha Ex- 


vide 11d. into two Parts which are aliquot Parts, — ———_ 

or at leaſt commodious Fractions of a Shilling. 84. 15 4 8 

Thoſe two Parts will be 8d. and 3d. which I mul- 3. 3 14 3 

tiply ſeparately by 45). T i 47. 
19, Multiplying 8d. by 457, I find as in the „ * 

ſecond Fxample 151. 4s. 8d. for the Product. = | . 
29. Multiplying 39. by 457, I find as in the firſt Example 51. 14s. 3d. 

3. Adding together thoſe two Products, there re ults 20/. 187. 1 1d. 
for the ProduQ of 11 Pence multiplied into 457. 


* 


tanning 


ELEMENTS OF 


| LEVY. | 
| Let it be propoſed to multifIy ol. os. of. 3qrs. by 457. 
„Having placed thoſe Numbers as in the Mar- | 
= * gin, and obſerving that 3grs. is the Tg of a Shil- , or. 04. 39rs 
ling, I divide 45 by 32, and place the Quotient 5 e 
x in the Rank of the Units of the Pounds, the Re- 48 


mainder 13, which with the Figure 7, makes 1 37s. 1. 8s. 64. are | 


1 divide by 16, and ſet down the Quotient | 
. 85s. 6d. 3qrs. in the Rank of Shillings, Pence and Farthings. 


| Lx v. 
When a mixt Number, conſiſting of 


F 1 | The fore- Pounds, Shillings, and Pence and Far- 189). 187. 1 Id. 29 .. 


Soing Me- . i 

cod appli- things, as 1891. 18s. 11d. 2916. is pro- 3 

dd to anEx- poſed to be multiplied by a whole Num- — e 
ample, con ber, for Example by 457; firſt the | 


Pounds, Whole Number 189 muſt be multipli- = 945 
Shillings, ed into 457, according to the Rules of + 75 


| 8 the Multiplication of ſimple Numbers; _ = g | ogy "= 


then the 18s. muſt be multiplied into 1 | 
457, according to the Rule for multi- a _ + 4 SE, 
plying Shillings, and afterwards the J 
11d. 2916. by 457, according to the F a3. 4 2 
Rule for multiplying Pence and Far- 869201. 35. 4d. ogrs. 


things. | | | 
If the Multiplicator contained alſo a Fraction, for Example if the Mul- 
tiplicator was 457 f; after the whole Multiplicand 189/. 18s. 118. 291. 
is multipled by 457, it muſt be multiplied again by 3, that is 3 Times 
the one Fifth of the Multiplicand muſt be taken ; and when all the Parts 
of the Product are found, they muſt be added together, to obtain the. 

whole Product of the Multiplication. | 


1 


The Grounds of the foregoing Rule for multiplying mixt Numbers, 

conſiſting of Pounds, Shillings, Pence, and Farthings, vill ſufficiently 

| Grounds of appear from the following Conſiderations, 1 2 

— the forego- 1, by multiplying the Number of Shillings by the faſt Figure of the 
ing Method I., OY PI R - 3 | 

tor multiply Multiplicator, there will manifeſtly reſult a Number of Shillings; where- 


ing Shillings fore the Product ariſing from this Multiplication ſhould be ſet down in 
by a whole 


amber. the Rank of Shillings, when it does not exceed 20s. and when it exceeds 


208. one Pound ſhould be retained for each 20s, and the Remainder ſet 
down in the Rank of Shillings. . 


» 


| NUMERAL ARITHMETICK. 
The Rule next directs to multiply all the Figures of the Multiplica- 


tor, by one half of the Number of Shillings, and to remove each Figure 
of the Product one Place towards the right Hand. Now, | 


.19, The Product that reſults by multiplying by one half of the 
Number of Shillings will be only the one half of the Product ariſing 
from the Multiplication by all the Shillings. 29. by removing each 
Figure of this Product one Place towards the right Hand, the tenth Part 
only of this Product is taken, and conſequently only the one tenth Part 
of the one half of the Product reſulting from the Multiplication of the 
Number of Shillings of the Multiplicand by the Multiplicator ; but the 
tenth Part of the one half of this Product, that is, the twentieth Part 
of this Product is equal to the Number of Pounds it contains, Where- 
fore by multiplying all the Figures of the Multiplicator, except that in 
the Units Place, by the one half of the Number of Shillings, and removing 
each Figure of the Product one Place towards the right Hand; there 
will reſult a Quantity equal to the Number of Pounds contained in the 
Product ariſing from the Multiplication of the Multiplicator_ into the 

Number of Shillings of the Multiplicand. | 


29. If the Multiplicand contains but 1s. according to this Rule, the 6... c 
Figure in the Units Place of the Multiplicator conſidered as repreſenting, the forego _ 
Shillings, together with the one half of the remaining Figures of the Mul- ng ee 
tiplicator conſidered as repreſenting Pounds, will be the Product of rs. 2 1 
multiplied into the Multiplicator; and as for the one half, the one or Farthings ®# 
fourth, the one third, the one ſixth, the one twelfth, &c. of 1s. we Ae 1 
ſhould take but the one half, the one fourth, the one third, the one _ 
| ſixth, the one twelfth, &c. of what ſhould be taken for 1s. it is manifeſt FT 

that for the one half, the one fourth, the one third, the one ſixth, the „ 
one twelfth & c. of 1s. we ſhould take but the one half, the one fourth, 
the one third, the one ſixth, the one twelfth, &c. of the Figure in the 
Units Place of the Multiplicator, confidered as repreſenting Shillings, 
together with the one half of the one half, or of the one fourth, or of 
the one third, or of the one ſixth, or of the one twelfth, &c. of the re- 
maining Figures in the Multiplicator, conſidered as repreſenting Pounds, 
removing each Figure of the Product one Place towards the right Hand; 
that is, we ſhould divide the Figure in the Units Place of the Multipli- 
cator by the Number of times that the Pence or Farthings of the Mul- 
tiplicand are contained in a Shilling, and divide the remaining Figures 
of this Multiplicator conſidered as repreſenting Pounds by double the 

Number of 'T imes that the Pence of the Multiplicand is contained in a 
Shilling, removing each Figure of the Product one Place towards the 
right Hand; which is preciſely what the Rule preſeribes. 
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3 „„ 
Let ii be e to multiply 24/b. Jo. 6dwt. by 51 


Having diſpoſed thoſe Numbers as in 2475. Jox. Gdwt, _ 
Multiple the Margin. 19. I multiply 24/8. by ) IR 
Weights er 51, and ſet down the two particular Pro-: — . ů— 
| Plined by | qucts, viz. 24 and 120, as in the Mar- 1 24%. „ 
29. to multiply 70z, wy * J divide 4%. 17 
the 7g. into the 3 aliquot Parts of a 2086. 8 6002. 
Pound, 40 z. 20%. 102. and as the Product 19%. 4 3 | 
of 15. muttiplied by 51 is a Number of Aut. 10 a4dwrt. 
Pounds equal to the Multiplicator or. 2dwt, 7% | 
the Product of 4oz. which is but the one | 5. 
third of a Pound, will be only one third 1255/6. 
of the Multiplicator 51. I therefore for 4oz. take the one third of 51/6, 
which is 17/4. For 20z. which is the one ſixth of a Pound, or the one 
half of 40x, I take the one ſixth of the Multiplicator conſidered as Sn 
Pounds, or the one half of the Product 17516. found for 4 Ounces which 
is 8/b. 3 for 1 Ounce which is the one twelfth of a Pound, or the one 
fourth of 4 Ounces, or the one half of 2 Ounces, I take the one 
twelfth of the Multiplicator conſidered as 51 Pounds, or the one fourth of 
the Product 1716. found for 4 Ounces, or the one half of the Product 875. 
60. found for 2 Ounces, which is 4/b. 30. 
39. having found the Product of 1 Ounce multiplied by 51, I divide the 
6dwt. which remains to be multiplied, into the aliquot Parts of an 
Ounce, and thoſe aliquot Parts will be 4dwt. and adrot. | | 
For 4dwt. which is the one fifth of an Ounce, 1 take the one fifth of the | N 
Product 4/6. 3oz. found for 1 Ounce; which is 100z. 4dr. pl 
For 2dwt. I take the one half of the foregoing Product I Oo. 4dwot. | Y 
found for 4dwt. which is 50. 2 dw. 
Having thus found all the Parts of the Product, Fadd them together; be 
and there reſults 1255/6. Oo. 6dwt. for the Product required. TER w 
| ALI; OE J 
| an 
co 


oog. dt. 


we A9-wu Whine ms. 


I. 


- Moltotica Hitherto we have treated of Arithmetical Multiplication, we ſhall 
tion of Lines now Proceed to treat of Geometrical Multiplication, ſo called becauſe 
end sur it relates to Extenſion, which is the Object of Geometry. | 


8 85 As every Quantity is meaſured by ſome other tity of the ſame _ 5 
| Kind, the Computiſts are under the Neceſſity of employing three dif- .- = W 
ferent Species of Meaſuring Units, for meaſuring the three different bt 

Species of Extenſion : Lineal meaſuring Units for meaſuring Diſtances (+1, 

and Lines; Superficial meaſuring Units for Manat. pune. 3 and of 


Solid meaſuring ä for mans lie | e in 
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The Number which ſhews how often the ene Unit | is contain” Fig 1. 


ed in the Extention meafured, is called the Content of the Extentions, 
ſo meaſured. Let the Extention to be meaſured be a Rectangle ABCD, é h 
whoſe Baſe B C and Altitude A B have been meaſured, for Example, a 


with a lineal Yard, ſimply called a Tard; let B &, G J, IL, I. N. 


N 5, PC, expreſs the Yards contained in the Baſe B Ch and let 4 9, 75 
„RS, S T, T B, repreſent the Yards contained in the Breadth or 


ri ts AB. If through the Points G, I, L, N, P of the Baſe; be drawn 


6 F, IE, LK, NM, PO, parallel to the Altitude 4 B; the ReQtangle 


ABCD will be divided into as many ReQangles 4 BG F, FGIH, 


HILK, KLNM, MNPO, OPCD, as there are Yards in the be 


_ Baſe BC. 


/ 


Each of thoſe ReQangles having one Yard in Breadth, and as many 


Yards in Length as there are Vards in the Altitude AB of the Rec- The ett : 


_ © tangle, will manifeſtly contain as many ſquare Yards. as there are lineal i, found dy 


Yards in the Altitude AB. Whence to obtain the Number of ſquare Yards mukiplying | 
contained in the Rectangle A B O DO, the Number of ReQangles A B G F, ie inet. | 
FGIE, HIL, &c. which ſtand on the Baſe B C, or the Number of che Baſe by 
I. ineal Yards B G, G1, &c. contained in ,the. Baſe BC, muſt be re- thoſe in the 
peated as often as there are ſquare Yards in each of thoſe ReQangles, AS 1 


that is, as often as there are lineal Yards in the Altitude AB. But to 
repeat the Number of lineal Yards that are in the Baſe B C of the Rec- 


tangle, as often as there are lineal Yards in the Altitude AB of this 


Rectangle, is to multiply the Number of lineal Yards in the Baſe 


B C, by the Number of lineal Yards in the Altitude FB, Whence the 


Number of ſquare Yards contained in a Rectangle is found, by multi- 
: Vak. the Number of lineal Yards in its Baſe * the Number of lineal 


ards in its Altitude. 


For Example if the Length of the Baſe B 0 of the ReQangle A BCD | 
be fix Yards, and its Altitude AB 5 Yards, the Rectangle 4B CD eee 


will contain 6 Rectangles ABGF, FG1H, HILIX, KLNM, 


MNP, OO D, each of which are 5 Yards long, and 1 Yard broad, 
and conſeq ently contains 5 ſquare Yards. Whence the Rectangle vil 


25. 


. 


contain 6 imes 5 or 30 ſquare Yards, | 
„„ 
+ if the Baſe BC and Altitude 4 B of ahe Rectangle 


t, it would contain as many Rectangles 1 Feot 


It; is manifeſt t 
was meaſured in 


contain as many ſquare Feet as there are lineal Feet in the Altitude A B 
of the — 4 B C D. Whence the Number of ſquare Feet contained 
in the a A IRE " ve ang ens by multiplying the Num- 


— 


a 
broad as there are Feet, i in the Baſe AB, and that each Rectangle would Ae | 


, d. \ L 1 4 = 
A 4 | 1. 
. % - . * 
2 


F ir orte 


ber of Kea) Feet contained in the Baſe B C, by the Number of Feet 
contained in the Altitude 4B. _ 


The ſquare Yard, for Example, heving's 3 Feet i in a and 3 Feet 


Figure 2. in Breadth, its Superficies will contain 3 Times 3 or 9 ſquare Feet. 
5 If the Square ABCD repreſented a 4 
contain 12 lineal Inches, and its Altitude A B 12 lineal Inches. Whence 
5 Superficies would contain 12 Times 12 or 144 ſquare Inches. In like 
Manner it will appear that a ſquare Inch whoſe Baſe and Altitude are 
divided each into 12 Lines, contains 12 Times 12 or 255 — lines : : 
and fo of any other Meaſure that is employed. | 
BW”, + © Ss 5 
8 It often happens that the ſame Meaſures are not b fot 1 mea- 
ok rhe of ſuring the Baſe and the Altitude of the Rectangle. In this Caſe, the 
of the ſnper ſuperficial Meaſures contained in the Superficies of the Rectangle, are not 
DG bs 5 ſquare Meaſures, but Meaſures whoſe Length is the Meaſure employed 
tgined; in any for meaſuring the Baſe, and whoſe Breadth is the Meaſure employed 


ie ure are for meaſuring the Altitude. 
the lineal 


| Meaſures of, For Example, if it was propoſed to determine the Number of Bricks 


its Th Damen, lying flat which are contained in a Rectangle: Since a Brick is 8 Inches 


long and 4 broad; the Length B C, ſhould be meaſured with a Mea- 

. of 8 Inches, and the Altitude AB with a Meaſure of 4 Inches, and 
xawple. the Produ ariſing from the Multiplication of the Number of Meaſures 

| of 8 Inches contained in the Baſe B C, into the Number of Meaſures of 


4 Inches contained in the Altitude 4 B, will be the Number of Bricks, 


or of the ſuperficial Meaſures 8 Inches ww and 4 broad, contained in 


Area of the Rectangle ABCD. 
LT XII. 


When the Length and Breadth of the en 8 by Me - 


| Ge fapers Yard, and is not contained in them a certain Number of Times with- 
\ cial Mea out 4 Remainder ; the Computiſts meaſure this Remainder in Parts of 


ft ny a Yard, viz. in Feet, Inches, Lines, &c. and as the Products of thoſe 


| ſubdivided Meaſures do not always produce ſquare Yards without a Remainder, | 


into Parts they. eſtimate this Remainder in Parts of a ſquare Yard. 


17 dee, Though the moſt regular Parts of a ſquare: Yard, are ſqvate- Feet, 


de Lineal ſquare Inches, and ſquare Lines; thoſe however are not the Parts that 
| Meaſures. the Computiſts commonly employ, they find it more convenient to di- 
4 vide the ſquare. Yard into Parts analogous to thoſe of the lineal Yard: 
Example. and as the lineal Yard is divided into 3 lineal Feet, and the lineal 
Foot into 12 lineal Inches, and the lineal Inch into 12 limeal Lines, ſo 


they divide the ſquare Yard into 3 ReQangles, each of which is 1 8 | 


broad and 1 Yard: long, 


, exprefled thus, Foot: ard, or Tard. Foot; 
account of their two 


imaenſions ; they divide the Rectangle Tad. For 


into twelve equal Parts ch of which i is 1 Yard long — 1 Inch ON | 


uare Foot, its Baſe B C would 


&.--- n 
ö 


e 


mw tv V2 et 


wo From what precedes it is eaſy to conclude, that two Numbers of equal 
lineal Meaſures, multiplied into one another, produce a Number of ſquare e ome 
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expreſſed thus Tard. lch; in fine they divide each of thoſe new Recs 


tangles into 12 equal Parts each 1 Yard long and 1 Line broad, ex- 
preſſed thus Tard. Line on Account of their two Dimenſions, And fo - 


on of the other Meaſures employed. | 


| When the Sides of a Rectangle are meaſured by the Foot, and js not ,,,.. 


contained in them a certain Number of Times without a Remainder ; Example. 


the Computiſts meaſure this Remainder in Inches and Lines; and as 
the Product of the two dimenſions meaſured will not always produce an 


exact Number of ſquare Feet without a Remainder, they have recourſe 


to the Parts of a ſquare Foot to meaſure this Remainder. 


The moſt regular Parts of the ſquare Foot with Reſpe& to the Di- 


viſion of the Foot into Inches and Lines, are the ſquare Inch, and 
ſquare Line, But as the ſquare Foot contains 144 ſquare Inches; and 


the ſquare Inch 144 ſquare Lines; and that the lineal Foot is only di- 
vided into 12 Inches, and the lineal Inch into 12 Lines: The Computiſts 
chuſe rather to divide the ſquare Foot into 12 equal Parts, each of 
which is 1. Foot long and 1 Inch broad, expreſſed thus Foot- Inch on 


account of their two Dimenſions. They divide alſo the Foot-Inch as 


the lineal Inch, into 12 equal Parts, each of which is 1 Foot long and: 


. PR 


1 Line broad expreſſed thus Foof-Line. 
34 LXXIV. 


ſuperficial Meafures, whoſe Sides are the lineal Veaſubes contained in the Gs Nia 


' - Multiplicand and Multiplicator. For Example, a Number of lineal plication of , 
" Yards. multiplied into a Number of lineal Yards produces a Number of: Lins r * 


ſquare Yards; a Number of lineal Feet multiplied into a Number of li- Trend ral 
neal Feet produces a number of ſquare Feet: And ſo ou. | axrithmeti 


cal Multipli 


It is alſo manifeſt that a Number of equal lineal Meafures, multi- es 


plied into a Number of other equal lineal Meaſures, different from the aſcribi ro 2 
A 


firſt, produces a Number of ſuperficial Meaſures whoſe cbntiguous Sides the Mu 
are the two Sorts of Meaſures of the Multiplicand and Multiplicator. to Dimen 


For Example, a Number of lineal Yards multiplied into a Number of fions affe&-. 
lineal Feet will produce a Number of ſuperficial Meaſures each of which ing * Pac 
is 1 Yard long and 1 Foot broad; a Number ot lineal Yards multiplied 


into a Number of lineal Inches or Lines, will produce a Number of 
ſuperficial! Meaſures. each of which will be 1 Yard long and 1 Inch or 1 
Line broad; And ſo on. The geometrical Multiplication therefore of 


2 Line by a Line will be reduced to common Multiplication, by giving 


to the Units or Meaſures of the Multiplicand the two Dimenſions which 


affect thoſe of the Multjplicand and Multiplicator, and conſidering the 
| Propoſed Multiplicator as an abſtra& Number, eli 


— 


Ex * 
2 


. 8 £ 
+5 33g > 
91 : 
„ 84x 8 


4 
* 1 


| 9 2 


he Value of the different Units relative to the ſquare Yard, with 
the Characters whereby they are diſtinguiſhed from each other, are as 
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follow. 
| Square Yard| 117, off © Y” Yard-Second 12“ 12Y"or 3LL 
/ Square Foot [iff 144// Y, Yard-Tierce IT/ 411. 
Square Inch [III 144LL © LET r 

L Square Line II Foot.-Inch ifT 12fLor 120 
J - [| /L Foot-Line ifL 12f' or 11] 

7 Yard-Foot [II 121 Tor 37 [,, Foot-Prime [I/ 12f” or 12LL 

7 Vard-Inch 8 17. 7 1277. Lor 5 f F: 5 a | Foot-Second I 7 UW | : I LL 

TL Yard-Line ITIL. 12YT'or3/T ||. 5 1905: - 
'- Yard-Prime IT“ i12Y%or3ll || IL. Inch-Line 1/L 121 or 12LI. 
FETT 6˙vn!n!!! AWpy 5 1LL 


Method of 


finding the 
Area of a 
Rectangle 


| %%% ˙— - 1 
Let it be propoſed to find the Area of a Rectangle, whoſe Length is 
58 T. of 8]. and Breadth 8Y. if. Il. 5 1 55 4 ng 
Though either of the Factors may indif- | 


| whoſe Pi- criminately be taken for Multiplicator, yet 587. 5 27 8]. 


menſions 
are 8 | 
ſed in Yards 


and Parts of cator. 


» Yard ex- 
; plained by 
An Example. 


... as in this Example; the Computiſts firſt 5 
multiply each Part of the Multiplicand. 


that which contains the leaſt Number of 87, if. 6l. 


Yards is commonly aſſured for Multipli- 77777. 1 I | 
1 


When the Number of Yards of the? | 
Multiplicator is expreſſed by one Figure, 9: CNN | 
1. I II. 


beginning by the Parts of the loweſt Denomination, by the Number of 


Yards of the Multiplicator, afterwards taking for the Product ariſing 
from the Multiplication of the Multiplicand into the other Parts of the 


ko 8 TT.. 


M./ultiplicator, the ſame Parts of the Multiplicand that the Parts of the 
M.ultiplicator are of a Yard, According to thoſe Rules. „ 
19. I multiply 8 Inches by 8 Yards, which produces 64 Tard Inch. 
As this Number of Tara - Inch contains 5 Tard Feet and 4 Tard. Inch 
over, I therefore ſet down 4 Tard- Inch in the Column of Inches and 
| retain 5 TJ. to add them to the Tard Foot of the Product. „„ 
I next multiply 2f. by 87. which produces 1677. to which adding the 
5. I retained, there reſults 217f. as this Number of Tard. Foot con- 
tains 777.1 ſet down © in the Column of Feet, and retain 77F. to add 


them to the Square Fards of the Product. e | 
_ Laſtly multiplying 587. by 87, and adding to the Product the TT. 


is 


© Let it be propoſed to: find the Ares of a ReAangle G8. if. long-and 


two particular Products 456 
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I retained ; there reſults 411TYT. o. 41. for the Product of 587. 21 l. h 
_ - . multiplied by 87. * 1 FVP 


2. To multiply the ſame Multiplicand 58 T. 2f. 87. by the Part tf. 


of the Multiplicator ; I obſerve that if this Multiplicand was multipli- 
ed by 1 Tard, it would produce 5877.” 277. 8Y1. that is, the Product 


would be equal to the Multlplicand, with this difference only that each 
Part would acquire a Dimenſion of 1 Tard: Whence multiplying by r Foot 


which is only the one third of a Yard, the Product will be the one third 


of the Multiplicand, each Part having a ſecond Dimenſion of 1 Tard. 


Now this one third will be 19 T. 11f, 10. 87 L, becauſe: the one 
third of 587T. is 197 T. and 17YT. over which is equal to 3 /. which 


added to 27 makes 5 . the one third of which is 1 /. with 27½ or 
247T. over, which added to 877 makes 3271 the one third of which is 


*. 


1071. and 271, or 247 L. over, the one third of which is 87L. | 0 | 


39. To multiply. the Multiplicand by the 6 Inches in the Multipli- 


cater, I obſerye that 6 Inches is the one Half of 1 Foot, and conſe- © | | 
quently ſhould give the one Half of the Product 197Y. x7f. 101I TI. 
which is g7Y. 2Tf. 571, 4FL. becauſe the one half of 19XY, is 9171. 


with a Remainder of 17Y, or 37. which added to 11}. makes 41f. © 


the one Half of which is: 27. and the one half of 1077. 8TL. is „ 5; © 


Adding together thoſe three particular Products there reſults 350 % | - 
| 1 | LXTVn. 


— 
* k 


Thee Part 68 of the Multiplicator by Which 577 ½ 8. 3 


9 the Multiplicand is firſt to be multiplied; con- 82 fe Ike's — of the fore 
ſiſting of ſeveral Figures; all the Parts of the 4567 ba ha " __ 
Multiplicand cannot be multiplied after a direct 342 . 


Manner by this firſt Part of the LON. "ox FE, © - Example. 
: [ | 


er the 15 off. 477. 


Parts of the Multiplicand multipled into 68, the 


fame Parts of 68 muſt be taken that the Parts 2 Feet 8 Inches of the Mul- | 


tiplicand are of a Yard; and the Sum of the ſeveral particular Pro- 


duQs that reſult will be the Product of 58 . 2f. 81. into 68 Yards, Af- 


terwards the fame Multiplicand 57Y. 2f. 87. muſt be multiplied by 2 
Feet, after the Manner explained in the foregoing Example. 


* 19, Multiplying the Part Fog of the Multiplieand by 68Y;, I find the 


194 


Method of 
reducing 
ſuperficial 


eaſures 
analogous 


| to thoſeof 19. The Number of 
the lineal N 


Meaſures; 
into ſquare 
© Meaſures. 


one third of 2 Feet, which produced 452Y. 1277. Whence for 8 Inches 


|: 'RLEMENTS OF. ; 


ze. to multiply 2 Feet by 68 f ard, I obſerve that 1 Turd multiplied 


_ 
+ * 


into 68 T. will give 68 /quare Yards, that is, a Number of ſquare Yards 


equal to the Multiplicator. Whence 2 Feet which are only the two 


Thirds of a Yard, ſhould only give the two Thirds of 68 ſquare Yards: 


and each third Part being 2277. 21f; I ſet down twice 2277. 27f or 
e eee | 


39. to multiply 8 Inches by 68 Yards, I obſerve that 8 Inches are the 

I take the one third of 45 TT. 17F. which is 1577. O 47, © 
It remains to 3 ſame Multiplicand by 1 Foot, for which I 

take the 1 third of $71T. 21f. 87). which is 19 TT. o. roYT. 8TL. 


Adding together all thoſe particular Products, there reſults 3955 TT. | 
af. TI. 8YL. for the Product required, „„ AGES. 


op OE al < od fan 8 5 
When the Area of a Superficies is found in ſquare Vards, and in Parts 


of the ſquare Yard divided into 3 and ſubdivided continually into 12 
- the Parts of equal Parts, as in the foregoing 


xamples. Thoſe Parts may be re- 


duced into ſquare Meaſures, fuch as ſquare Feet, ſquare Inches, ſquare 


Lines, after the 3 Manner. 


Foes 


20. Each YFard-Inch being 36 Inches long and 1 Inch broad, contains 
36 ſquare ſnches, or the one fourth of a ſquare Foot. Whence the one 
fourth of the Number of Yard-Inch, will be ſquare Feet, and every 


177. that remains will be 36 ſquare Inches, 1 
30. Each Yard-Line being the twelfth Part of a Tard. Inch, and 


the Tard- Inch being equal to 36 ſquare Inches, conſquently the Tard. Line 
is equal to 3 /quare Inches: Whence the Number of Tard-Line being 


| multiplyed by 3 will produce ſquare Inches. 


1“ that remains will be equal to 36 /quare Lines. N 
5. Each “is equal to 3 LL, becauſe 11 is the one twelfth of 11, 


plied by 3 will produce ſquare Lines. | 8 | 
69, It will appear in like Manner, that each Y“ is equal to 4LL: 
Whereſore the one fourth of the Number of Y“ will be ſquare Lines : 


4?. each Unit of the Meaſures affected by the Mark r being equal 


to the twelfth Part of a Yard-Line, which is equal to 3_ ſquare Inches, 


it will be the one fourth of a ſquare Inch, or 36 ſquare Lines; whence 
the one fourth of the Number of Z. will be ſquare Incher, and every 


which is equal to 36 /quare Lines. V hence the Number of 7" multi- 


It is the ſame with reſpect of the other Parts continually 12 Times leſs 


which may be reduced into /quare Primes, which are the one bundred and 


t or. 8 N arts of a ſquare / * 


hen the Parts of the loweſt Denomination in the two Factors of 


the Multiplication are Lines, and the principal Parts are Yards, the 


2. 2 8 


being multiplied by 3, will produce ſquare 


. 


: — are the 


3 * 
* 


* p 
— 
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| Parts of the loweſt Denomination' in the Product will be T % 14 of: - LT 
which make a ſquare Line: becauſe when the two Factors of the Mull. 
1 are reduced into Lines, the Product can oy confiſt of 8 48 „ 
| ines. | ORE, 


LXXIxX. 


Let it be . to reduce into ſquare Feet, | 52 iche 4 uare 
Lines, the Meaſures that are leſs * 22 ard a oh 


ths, DN. 
1208517 227 57 9. 0 e 51. Fray 7 


Weg firſt Part 


compoſed 120851 YY aYf YL „VI. M* ay”. By” bo 05 


Ae Tards. HEY 3 = HP Ss j z 
6ff 3611 12LL „„ 
1 3 0 


principal Mea- 


ſures, are not to CE LH | e 


be altered. To re- 125857 T "ff 631 7 


duce the other HY 
Parts, it ſuffices to ſet down 3 under the Yf, 4 under the YI, 3 EP 2 


the YL. + under the Y', 3 under the. Y”, and 3 under the V, and 


multiply each Part of the Product by the Number wrote under it, viz. 


the firit, third and fifth Parts after the ſquare Yards, by 3.3 and the ſe- 


cond, fourth, and ſixth Parts after the ſquare Yards, by x; obſerving that _ | i 


the firſt and fecond Parts after the Yards that are multiplied by 3 and 3, 


produce ſquare Feet; that the third and fourth, multiplied by 3 and by 


+, produce Jquare Intbes ; ; and that the fifth and ſixth Parts, 'muhiplied 5 


by Fenn by 2, produce ſquare Lines. 
hence I ſay: 3 Times 2Yf is 6ff, which 1 ſet down under the 


Line; Then I ſay, the 4 of gYT is iff and 3611: 1 therefore ſet 
down if f under 6f f, and 36H in the following Column, © 
I é then multiply oYL by 3, which produces 27H which I fet down 


in the Column of /quare Inches under the 36II; and — oY! by 
5 Is which produces nothing more for the /quare Inches. 


Laſtly I multiply 4Y" by 3, which produces 12LL; and 8Y” by 8 


which produces 2LL. 


Adding together the new ſquare Meaſures of the ranks Spe cies, I find Ms 
that the propoſed Product 120851 YY 2Yf5YI gYL oY. * TE 


is reduced to ſquare Meaſures r20851YY 7ff 631¹ 14LL. 
LX. 


When a Parallelogram ADCB is a Rhomboid, if from the Wobeed 1. 4öẽ wʒm 
ties A and B of one its Sides, there be drawn two Perpendieulars KK | 
BF to the oppoſite Side the rectangular Parallelogram AE FB will be The Con- 7 
equal to the Rhomboid ADCB. (Euc. Prop, xxxv. B. 1) And as the of ay! | 
Rem ed the PO Kealures whitained | in thy a of _ n 


4 
© 
37 
Ft 
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found by gular Purallclogrimm AEFB, is found by EVI the Number of 
multiplying Meaſures in the Baſe EF by the Number of Meaſures in the Side AE; 


Half the alſo the Number of ſquare Meaſures contained in the Rhomboid ADCB 
Altitude. will be found, by multiplying the Number of Meaſures in EForin AB © 


or in DC, by the Number of Meaſures contained i in the Perpendicular AE. 
LXXXT. 


is 5. Mock Triangle AC 1s the one half of a Parallelogram ADCB of 


the ſame Baſe DC and Altitude AE (Euc. Prop. xx1. B. 1); and that 
The Con- the Number of ſquare Meaſures contained in the Parallelogram ADCB 
Triangle is found by multiplying the Number of Meaſures in the Baſe DC by 


3 the Number of Meaſures in its Altitude AE; it is manifeſt that the 


muldplyis Number of ſquare Meaſures conrained in the Triangle DAC will be 
to Half the found, by drawing « Perpendicular AE from its Vertex to its Baſe DC 
Altitude. produced if neceſlary, and multiplying the Number of Meaſures in this 
Baſe DC by one half of the Number of Meaſures contained i in the A 
titude AE. | 
'  LEXXIL, 


Fig. 6. The Area 1 any 3 ABC may be alſo bund tw; add to- 


gether the three Sides of the Triangle, take the one Half of the Sum; * 


1 "<-> i from this Sum ſubtract ſucceſſively the three Sides of the Triangle; 


finding of a the three Remainders into one another: multiply the Product 
| Trang of again by the one Half of the Sum of the three Sides, and the Square 


Root of the Product will be the Content of the Triangle. | 


Let, for Example, the Length of the three Sides AB, BC, AC of | 


the Triangle ABC, be 4 Yards, 15 Yards and 13 Yards. I take the one 


Half of the Sum of thoſe three Sides which is 16 Yards, I then ſubtract 


ſuceſſively from this Half Sum, each of the three Sides, that is, I ſub- 


tract firſt 4 Yards from 16 Yards, and there remains 12 Yards, then 


15 Yards from 16Y, and there remains 1 Yard, and laſtly 13Y 
from 16Y and there remains 3 Yards. I afterwards multiply thoſe 
Ch. four Numbers 16, 12, 1, 3 into one another, and extracting the Square 
Root of the Product 576, I find 24 for the We of 47h TG 
7 contained in the Triangle . 
LXXXIII. 


To 0 e this Rule from the 1 A of the Triangle ABC | 


Ground of let a Perpendicular HE be drawn to the oppoſite Side BC; then 
e tor 


_ Method, AC +aBCXBE=AB "BC (Fuc, Prop. x11. B. II.) Conſequently 


AB. +BC . 
BE 2BC , 


& 252 ſults BE = = — e conſequently AB —BE or 


- Squaring each Member ofthis l there re- 


AE AB EE dE). wah g each Member by tec), 


AB. 
— 


Dr 


5 NUMBRAL,: ARITHME TICK. ©... og 
1 us reſults. AE „aB AB. x(2BC)*: AB Ac Bs ee 0 
by - racting E Root of each Member, and e them by 4. 15 5 
3 reſults ——— =4/ [AB x (aB 0) —(AB +BC'\ —AC = Area „ 

. of Triangle ABC, but AB * (a5) — +BC —AC) is ho rods to ale 7. 

f [ABx2BC+ AB '+BC —AC x ABx2BC— AB BC NAC - wp 

= - Whence the Superficies or the Area of the Triangle ABC i is equal to | 9 

- = 4 [(ABX4BC-+AB" +BC —AC IX(ABX2BC—AB —BC +AO)] _=— 

5 but ABNaBC-EAB TBC Ac or AB +BC 42AB XBO—AC | vhs 4 

== Product of AB 2 BC + AC multiplied into AB 4 BC — AC. 1 

s ff ABXzBC—AB—BC TA, or AC —AB Ac 

1 Product of AC+AB—BC multiplied into AC—ABTBC, Whenee 

15 the Super ficies or the Area of the Triangle ABC is equal to 

* i [AB+BC+AC)x(AB-+BC—AC)x(AC-+AB—BC)x(AC-+BC—AB] = 

; | eq A,. eee e 0 5 

; an e —/AB-LBCHAC AC; and ACHAB—BC | 795 55 7 

5 = AB+BC+AC 1 4 AC+BC—AB _ | AB+BC+AC 05 ma A 

f OY 2 5 : TE 

- =; Whenes the Area of the Triangle ABC may be expteſled thus = 

5 e EA ACYx(= —— 5 cee an) 1 

1 I᷑Itxxxir. = 

£ The 8 W7 any ils Figure ABCD, was two parallel 

e | Sides AB, CD, is found by multiplying the Sum of thoſe Sides 65 7 5 Fig: 7. 

2 their perpendicular Diſtance CE. For if the Diagonal AC be | 

8 the Triangle ACB will be equal to a CEXAB, and the Content &f the Rules for 1 

5 Triangle DAC will be equal to CEXCD, and n the Content Contest of? — 
of the whole Quadrilateral ABCD will be equal. to SES; "#2 

. N + CEXAB+ 4 x CEXCD=z CEX(AB+CD). 

; | EG oo AT 

"2 Prom the Manner of finding the Area of a Triangle, the Area of any 5 
„ right-lined plane Figure, as ABCDE, may be determined, oy divid- — „ 
| ing the whole into Triangles and finding the Content of each riangle. — 1 


Thus let the 2 57 Dos AC and AD, be 20 and 16 2 and the 
Perpendiculars BF, DG, FH falling thereon, 8, 1a and 16 reſpeRively z 3 
© then the Content of the Triangle * being 80, that of ACD 120, 


* 
+ * 2 


O | : . #5 ap 5 5 0 A ö j v4 * 4 * ? * 7 
ES WO LATER | x | 3 2 3 PURE. ; PICS BS: ws 9. -Þs 68 
> * 3 3 42% No 0 x * * K. 1 1 * * | 4 
X a . 2-2 ” ; 2 83 1 ; *. I 4 4 2 2 KY 
£695 LEM £ AN 
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| Matte of and that of ADE 80, it is evident that the Content of the whole Figure 
_ finding the will be the Sum of all thoſe, or 280 ſquare Inches. -But, when the given 


2 — 
2 


Area ner“ Lines are expreſſed by FraQtions or very large Numbers, the Work 


right lined will be ſome what ſhortened by finding the Content of every two Tri- 


dividing it angles, having the ſame Baſe, at one Operation; that is, by firſt adding 


09 ves, the two Perpendiculars together, and then multiplying half their Sum by 
changes. the common Baſe of the two Triangles. Thus, in the laſt Example, 
the half Sum of the two Perpendiculars BF and DG being 10, if this 
Number be therefore multiplied by 20, the Meaſure of the common 

Baſe AC, the Product which is 200 will be the Content of the Trapezium 


 ABCDA, to which 80 the Content of the Triangle ADE being added, 


| the Sum will be 280, the ſame as before, 


{94 2 N „ e LITX XVI. 1 
Fig. 9. The Content of a regul 
Rule for and Angles are all equal, is found by multiplying half the Sum of its 
| Ares of my Sides by the Length of the Line KG drawn from the Middle of any Side 
regular Po- AB to the Center of the Polygon. | 


*.. * 


Hr. For, from the Center K let there be drawn Rays to all the Angles of 
equal Triangles as jt has 


the Polygon, which will divide it into as 2 
_ Sides, and which will have all the ſame Altitu 


- 


e. (Euc. Prop. xiv. B. nt.) 


Grounds of Now if upon a ſame ſtraight Line AH, the Baſes AB, BC, CD, &c. of all | 


"the forego- thoſe Triangles be extended, and upon AH be conſtrued the Triangle 


ing Rule fo 


Gadiog the AKH having for Altitude KG, this Triangle AK H will be equal to the 
Area of any Sum of the Iriangles which compoſe the regular Polygon ABCDEF, 
| _ Poly conſequently the Superficies of any regular Polygon is equal to a Tri- 


5 angle AKH whofe Baſe is equal to the Contour of the Polygon, and x 
| whoſe Altitude-is-the Line drawn from the Middle of any Side to the 


Center of the Polygon, but the Superficies of a Triangle AKH is equal 


to one Half of the Product of its Baſe AH into its Altitude KG, where- 


fore the Superficies of any regular Polygon ABCDEF is equal to the one 
Half of the Product ariſing from the Multiplication of its Contour into 


+ Polygon. i ME RES 


| the Line drawn from the Middle of any. Side to the. Center of the 


ef Ciccle a Circle, its Contour approaches continually nearer and nearer to the 
found by © Periphery of the Circle, which is its Limit, and the Line drawn from the 
2 Middle of any Side to the Center of the Polygon, approaches nearer and 


dy Half its nearer to the Ray, which is its Limit, wherefore ſince. the Superficies of a 


| Radivs. regular Polygon, what ever the Number of Sides may be, is equal to a 
: 4 a n whoſe Baſe is the Contour of this Polygon, and Altitude the 
ine 


. 


r Polygon ABCDEF,; that is, one whoſe Sides 


The 4 By increaſing, the Number of Sides of a regular | Polygon | 8 . 


a aun from the Middle of any Side to the Center of the Polygon, 
it is evident that the Superficies of a Circle is equal to that of a Triangle 


8 E B 18 2 3838 


Se ge 


8 the ſame Circle. 


cumference of a Circle whoſe Radius is given, a rectiſineal Figure might. 
be made equal to the Area of this Circle, and what is called the 
Quadrature of the, Circle would be found. But though this Problem has 


Tangent in D: BE is called the Sine of the Arch AB, ADits Tangent, | 0 
CD its Secant, AE its Verſe Sine. Method of 9 


being a Quadrant of a Circle, and conſequently the Arch BF being the —— te 


dhe Secant CI in I, BG or its equal CE Sine of the Arch 
Co- ſine of the Arch AB, Fl its Co- tangent, CI its Co-ſecant, and GF its 


the Arch ALB be 300, Conſequently its Sine BE, which is equal to Half. 


8660254037, 84438, and CA—CE=AE=1 339745962, 1 3562, and 


| or AK. = ene. 94436901, ang of Courſe AK or* 


ga6rg 22, 2005, the Sine of 3® 45 to be 6540312 Horz. the Sine : 
wp oy ig 30" to 55 2177, the Sine 7 56 e 6 Wee: 
4, the 3 


has of 4 2049s the 


_. 
* A be "owl p 
ws 


NUMERAL ARITHM ETICE _ 1 | 
whoſe Baſe is the Cireumſerence of the Circle, and Altitude the R 


If therefore a ſtraight Line could 9 found. exa Aly equal to the Cir- 


n 


not been ſolved, and is thought never will, yet ſeveral Ways have been 1 
invented by which the Value of the Circamference may be obtained to 
any affigned Degree of RARER whereof. the AN: is one of the 7 
moſt ſimple. HITS 5 mT 

| LXXXVIIL, 


Tf from the Exirenity A of any Arch AB, ion be 400 a © Hays CA, 
and an indefinit Tangent AD ; and from the other Extremity B of the 
ſame Arch there be drawn a Line BE perpendicular to the Ray CA, and 75 
through the Points B and C, the Line BC which produced will meet t the N. * 


* 
4 o 
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2 * wh PT 
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The Ray CF being ſuppoſed perpendicular to the Ray C that is, AF hy the 


Complement of the Arch BA, if from the Extremity B of the Arch BF ** 2 ae 

the Line BG be drawn 45 ndicular to the Ray CF, and from the tk 

other Extremity F of the ſame Arch be drawn à Tan 1 Fl meeting 4 
is called the 


Verſe co- ſine. 
Theſe Notions being premiſed, let the Radius of the Circle be di- 
vided into ten Billions of equal Parts, or let CA=10000000000, and let 


the Radius, will be 5000000000. Whence is deduced the ine AK of = 
AL, half of the Arch ALB, that is, of 15%. for ECC —BE = _ 3:0 
ang Fe u. 1 


An BE +AE =267949192431 122645 19,77147602conſequently AB AB 


8. 151 22588 190451, 0252. "6 
n like Manner the Sine of 50 30 will be 1 to be equal oo ©. 


45'to be Wee , the Sine 


* 


of 28 7” 30” to N e 
7 1 . 9 0440 2 


x00 „ ELEMENTS OVA 8 
to be 10453062, 9716. 1, the Sine of 3 5.90 56" 15” to be equal to 
10226536, 8034, the Sine of 1' 45" 28” 1 to ts 5113269, 7 
the Sine of 3 44 3, 45 to de 2556634, 6186, = _ of 2& 22” 

1% 52" 30" to be 1278317, 3198, the Sine of 13" 11" 0% 56” 15” to 

be 539158, 66118383 z the Sine of 6“ 35“ 30 47 75 30% in 0 | 

T LY 

19976 9, 905396; and eas. the Sine of 1 EY 52 575 * 
30 be found to be 79894, 8 32 700. 

Nos * 38% ga" 37% xv 52% 3ov” being e eee by the Arch AL; 
Half of the Arch AB, or of 3“ 175 45% 1 5 45% if the Chord BF 
be drawn, which an account of the 2 being a right Angle, will be 
perpendicular to AB, and conſequentſy parallel to the Secant CH the 
two Triangles FEB, CAH will be therefore equiangular, and of Courſe 
FE : BE=CA : AH (Exc, Prop. 1v. B. vi) but FE=EC+CF=R+ 
Co. AB=10000000000+9999999998, 723363=19999999998, 723303, 
BE Sin. aN 789, 665396 and CBE 10000000000. | 

Conſequently AH or T. AL or T. 1“ 38“ f“ 379. 1* 52 307% 
159789, 665,396X 1 0950020000 | oy 
29999999998, 723463 79894, 8325. 
From whence it follows 1®. that ſince the Sin. 2" 38" 5 2 37 1 
sar“ 30%”, viz 79894, 832005 is leſs than its Arch, 12215 this Arch 
being found by dividing the Arch 300 75 658 36 or 16 Times ſucceſſively 
by 2, and being conſequently contained 6 bet Times in 300% ofs Times 
$5536, That 95 n imes in 6 0 -Circumference, it — 
ſay, that 79894, $327005X393216, or 31415926535, 159808 wi | 
les in han the Semi Gin 2 e 8 2 — by 
10000000000. 4“. Since the F. 1 38 52 3) 1% fa 30%/, vi. 
225 . is greater than its Arch, 79894, 8327 ei 6c or 
334159 26536, 339446 is greater than the Semi-ciroumference+ whoſe 
dius is expreſſed by LOOQOOOOOOS, whence the. Periphery of a 
Circle whofe Radius is expreſſed by 1 is equal to 6, 283185308 very 
th poke | 
1 aho-Perightry, the a —_ 
rom $ 

e mtg known, being equal to the Rectangle of the whole Periphery and half 

Area of any the Radius, hat is, equal to 6, 283195308X0, 5 or 3, Base ne 4 

_ Circle by "Therefore ſince the Peripheries of Circles are as their Diameters | 

Means of c. rl. Prop. XT Z It. 5 vi.) and the Circles themſelves are as the BP 4 


go . thoſe Diamerers (Eur. Prop. 11. B. XII. J, it follows that as 2 0 


uu of "the 6, 2951 B 6308, or 1 to 3, 141595654 :: the Diameter. of any Circle ib 


de Circus R Peviphery, and us 4 to 3, 141592654 or as 1 to. 78 ; : the | 
fence. * * the „ the Area 05 nearly. Sv NOUN. | 
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Accuracy then thoſe of Archimed:s-may be uſed, viz; 


dDince a Sector DKBCAD, or: DKECAD; or DKA, contained by the pig. 1a. 


whoſe Baſe is the three four ilis or the one half or the one fourth, &c. af. 
of a Line equal-to the Circumference of this-Circle, and Altitude the « Circle. 
Ray of- the Girele ; it is: manifeft that the Content of a Sector will be 
found, by multiplying its Arch by one half of its Ray, 
"5 Bhs for Exam e, the Arch AD of the Sector be ſuppoſed to be 60 
Degrees, and the Ray AK 14 Yards, the Diameter of the Circle of the | 
| Sector will be 28 Yards; Whence the Circumference of the Circle will ä 
| de found to be 88 Yards; and 60 Degrees being the one ſixth of 360 De- _ 
grees, or of the whole Circumference, the Number of Yards contained 1 
in the Arch AD will be 14 Y af, conſequently the Content of the Sector 
AKD will be 74 2f T er 10% Y Tl. 


2 N 


© + 


Since the Superficies of any Sector AKDFT is determipable, as alſo Ir 
the Area of the Triangle AK D contained by the two Rays AK, DK gagnewe , Þ 
and the Chord AD, it is manifeſt that if the Area of the Sector Ares of a 
AKDF L, and the Area of the Triangle AK be ſeparately found, and 8 3 
the Area of the Triangle be deducted from that of the Sector, the Re- ö a 
mainder will be the Area of the Segment ADFL, 
l, for Example, the Ray AK be 21 Yards, the Chord AD 3o, and 
e Perpendicular KE 14Y zt al, and the Angle AKD- 190 Degrees. 
I I firſt determine the Superficies of the Sector AKDFL, which I find to 
s fquare Yards. I afterwards determine the Superficies of the 
wc? range KKD b. | n . AD by KE and takin the one half of peter 


ST 


ke 5 0 * ba Ge 
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385 Uthe Area of the Sector AK DFL, 220Y Y 2Yf. 6 *I the Area i Y 
dr the Triangte AKD, the Remainder 164YY oYf 6YI will be the 5 
Area of the Segment ADFL. SR p 
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XC III. 


* 


Prom the Manner of gomputin 


Tue Convex Superficies of a Priſm AQPCB, is found by multiply- 


Fig. 18 40d ing the Periphery of a Section RSTVXR perpendicular to one of the 


e Sides AM, by the length of this Side. 


* 


Pfetbod oe That this may appear, let a Rectangle mr be conſtructed, whoſe Baſe 
finding the ar is equal to the Periphery of the Section RS VX R, and whoſe Alti- 
convex Sn- tude am is equal to the Side AM of the Priſm; and let the Baſe ar of the 
i Rectangle mr be divided into Parts of, ſt, tu, ux, xr equal to the Sides 
E RS, ST, TV, VX, XR of the Section RSTVXR, and through the 


Points of Diviſion let there be drawn Parallels to the Side am; I ſay that 


the Parts F, G, H, I, K into which the Rectangle ur is divided, will be 


| Grounds equal to the Parallelograms AN, BO, CP, D, EM which contain the | 


of this Priſm. RE CLE WE ance HI oP PST EET Seite. Body 
Method. For fince the Side AM is perpendicular to the Section RSTVXR, all 
its Parallels BN, CO, DP, EQ will be alſo perpendicular to the ſame 


Section, (Euc. Prop. viii. B. xi.) from whence it follows 12. that the 


ſtraight Line RS will be perpendicular to the two Parallels AM, BN, 


conſequently the Parallelogram AN will be equal to the Product of AM 
into RS, or to the Rectangle F whoſe Altitude am and Baſe / are 


2. That the Straight Line'ST will be ＋ 3n the two Pa- 
 Fallels BN, CO; whence the Parallelogram BO will be equal to the 


Product. of ST multiplied by BN, or by its equal AM, and .conſequently 


ö _— 4 a Rectangle G, whoſe Baſe 5+ and Altitude am are equal to 
a : . . . | „„ 
In like Manner it will appear, that the other Parallelograms CP, DO, 
| EM are equal to the Rectangles H, I, K; whence the Sum of the Pa- 
» rallelograms that contain the Priſm, or the Superficies of the Priſm, is 
equal to the Sum of the Rectangles F, G, H, I, K, that is, to the 
Rectangle whoſe Baſe is the Periphery RSTVXR of the Section, and 
. -whoſe Altitude is the Side AM of the Priſm. LA itn 


... -- will be found, by multiplying the Periphery of the Baſe by the Altitude 


its Sides, is parallel to the Baſe, and conſequently equal to it. 
Dh f e 3 


Fig. 1 ws 
& 3 b 


gcies of perficies of a Cylinder is equal to a Rectangle mr, whoſe Baſe is a. ſtraight 


„ 


From the Man tC g the Areas of plane Figures, the 
CTConvex Juperficies of ſolid Bodies may alſo be determined, thus. 


_ dee. a —_ —— —_— 1 * 


From whence it follows that the convex Superficies of an erect Priſm, 
WW the Solid, for in an erect Priſm, the Section perpendicular to any of 
Since the foregoing Concluſions hold univerſally whatever the Num- 
16 er of Faces of the Priſm. may be, and as the Priſm by increaſing the 
Rule for de Number of its Faces approaches continually nearer and nearer to the 


terwining inſcribed Cylinder, which is its Limit, it is evident that, the convex Su- 


' Cylinder Line equal.to the Periphery of the Section perpendicular to one of its 


x * k »_ _ 
ew a  ,. ra 1; 2M 
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this Cylinder. 


The upper Superficies of a regular Pyramid SaBCDE is found by 2. 1 a ' 
multiplying the Periphery of its Baſe by half the Length of the Line 4. 8 
80 dra un from the Vertex to the Middle of any Side AB of this Baſe. - Method So 
Poor the Pyramid SABCDE being a regular one, its Baſe -ABCDE Baperider 
uill be a regular Polygon, and conſequently all its Sides AB, BC, CD, of « regale 
Kc. will be equal, and the ſtraight Line SF drawn from the Vertex to 
the Center F of the Circle deſcribed about this Polygon will be perpen- 


pendicular to this Side. 


the Middle of any two correſponding Sides AB, MN. 
© rallel, the Sides MN, NO, OP, &c. of the one will be. Parallel to the ,, - 


NUMERAL ARITHMETICK _ 10 


GS eds IST ater all eh Loos ft ooo? ah Te abs 
Sides AM; and whoſe Altitude is a Line equal to this Side: and if the deduced = 
Cylinder be erect, its convex Superficies is equal to a Rectangle whoſe from the 


— # 


conti gudus Sides are equal to the Altitude and Periphery of the Baſe- of Pie ing | 0 7 


| Xx cv 5 


dicular to the Plane of this Polygon, conſequently all the ſtraight Lins 
SA; SB, SC, &c. drawn from the Vertex of the Pyramid to the Angles 8 
of its Baſe, will be equal. (Euc. Prop. Iv. B 1.) Wherefore all the Tri- nn 0 
angles ASB, BSC, CSD, &c. whoſe Vertices coincide at the Vertes of hõꝗ. 
the Pyramid will be equal, and iſoſceles Triangles, and their Altiuges 


will be equal to the Line SG drawn from the Vertex of the 1 


. 


Wherefore the Sum of all the Triangles ASB, BSC, CSD, &. 
which compoſe the upper Superficies of the regular Pyamid SABC DE, 
is equal to the Triangle ZHI, having for Baſe the ſum of all their Baſes, 
and whoſe Altitude ZH is equal to the ſtraigkt Line SG drawn from the 


to the Middle of any Side of the Baſe, as AB, and conſequent 


Vertex of the Pyramid to the Middle of any Side AB of the Baſe, 


The Snperficies of any Fruſtum ABCDEMNOP of a Pyramid; is Rule for 
found by multiplying the Sum of the Peripheries of the two Ends fading the 
ABCDE. MNOPQ,, by Half the Length of the Line drawn through of a Pf. 
7 Teh dum ef 


For the two Ends of the Fruſtum MNOPQ. and ABC DE being pa. nd. 


Sides AB, BC, CD, &c. of the other, 'wherefore AB': MN=SB : SN Crowds of 
and 8B: SN=BC ; NO (Euc. mY 11. B vi.) e AB: MN Z 

BC : NO, and alternately AB: BC MN: NO; but the End 
ABCDE being a regular Polygon, AB=BC, conſequently MN==NO. 

By a ſimilar reaſoning it will appear that NO=OP, &c. and the Lines 

SA, SB, SC, 8D, &c. which are all equal, will be cut proportionally, 


- conſequently SM, SN, SO, SP, &c. will be alſo equal, wherefore the 
Triangles MSN, NSO, OSP which compoſe the Superficies of the Py- 

_ - Tamid will have their Sides equal each to each, and conſequently all 
their Altitudes will be equal to that ST of the Triangle MSN; whence 

the Sum of all the Triangles MSN, NSO, OSP, &c. or the upper 


* 
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| -Luperſicies of the k equal tothe Trangle ZKL, whoſe Baſe KL. - 
is equal to the ſum of the Baſes of all thoſe Triangles, and whoſe Alti- 
tue ZK is equal to the Line ST ; but the Superficies of the Pyramid 
S SABCDE is equal to the Triangle ZHI; wherefore the Superficies of 
the Fruſtum contained between the parallel Baſes ABCDE OPQ, 
is equal to the Trapezium HILK, whoſe two parallel Sides are equal 


How che su to the Peripheries of the two Ends of the Fruſtum, wherefore &c. _- 
4 no As to the «wn of an irregular Pyramid, there is no other Rule 
gular Pyrs for finding its Content, but 18 ſeparately the Area of each 
man of the Triangles which meet at the Vertex of this Pyramid. . _ 
ff... Og TOE: 2-5-1 3 RY 
Since the fore ing Concluſions hold univerſally whatever the Num- 
11 ber of Sides of the Pyramid may be, and as the Pyramid by increaſing 
8, the Number of its Sides approaches continually to the inſcribed Cone 
Kule tor de Which is its Limit, it is evident that the convex a; ns of a Cone is 
' termining equal to the Product of the Circumference of the Baſe of the Cone into 
che Super half the ſlant Side thereof, and that the convex Superficies of any 
Cee e Fruſtum of this Solid is equal to the Product of the Peripheries into 
half the Slant-ſide of the Fruſtumn. 5 
: The Superficies of a Sphere, is found by multiplying the Periphery of 
— the greateſt or generating Circle, by its 8 or by — 2 5 
Superficies the Square of the Diameter by 3, 1416. VV 
of a Sphere. Let a Circle RQSq be inſcribed in a regular Polygon ABC DE &c. of an 
even Number of Sides, from the Center O to the Point of contact Q 
55 Pig. 20. of any Side BC, let the Radius OQ be drawn; alſo draw BbM, QPa, 
e. &c. perpendicular to AF, and BN perpendicular to CL, and let the 
..» .. Polygon and its inſcribed Circle be ſuppoſed to revolve about the pro- 


ds © he P lane. bc CB is the Fruſtum of 2 
Ground: of Cone, the convex Superficies thereof generated by BC, is equal to the Rec- 


*. 


2 
= 


|  » , Becauſe the Solid generated by th 


o 


tis Me \,ngle under £ BC and the Sura of the two Peripberies deſcribed by Bb 


and Ce: but the Sum of theſe two, as Qq is an arithmetical mean be- 
tween them, is equal to twice the Periphery Qu, zd therefore the ' 
convex Superficies of the ſaid Fruſtum is equal e 4 BCN Periph, Qq | 
=BCX Periph. Q. but becauſe of the ſimilar Triangles OPOQ... 
 BNC, we have BC: BN(bce)=OQ : PQ=Periph. RQ$q : Peri 
and conſequently BC: Periph. Q q=bcx Periph. ROS 
generated by B 1 


C. By the very ſame Argument it will appeaf that the _ 
Superficies generated by any. other Side CD is Ox Periph. Rasa: 

Whence it is manifeſt that the Superficies of the whole Solid is 
. =Ab+bc+cO-þ, &c. x Periph. RQSq, and as the whole Spperficies is 


” 
4 


1 


55 Superficies of a Circle whoſe Ray is AB, whi 


ther with the 8 


. 


rating Polygon be what it will, and as the ſaid Super ficies, by increaſing 


the Number of its Sides, approaches nearer and nearer continuallß 


to the Superficies of the inſcribed Sphere, which is its Limit; it is evi- 
dent that the Superficies of the Sphere itſelf is likewiſe equal to a ReQ- 


: | angle under its Axis RS and Periphery RQS q; wherefore, &c. 


X CIX. 


Tha conve x Superficies of any Segment of a Sphere BALPR, is found Fig. 21. 


by multiplying the Square of twice the Altitude LB. of the Segment, toge- Rule for de 
ther with the Square of the Diameter of the Baſe of the Segment, by the Sees 


0, 7854; as being equal to the Superficies of the Circle, having for Ray cies of a Seg. 
the Altitude LB of the Segment, together with the Superficies of the yr of 6- 


Baſe of the Segment. 


o 


of any Segment BALDB of a Sphere, is equal to the Product of the Al- this Rule 
titude multiplied into the Periphery of the greateſt. Circle ABDGA 'of _ 


the Sphere, but if the Chords AB, AG, be drawn, the. Triangles 


ABL, BAG being Equiangular, LET ATT and dividing 
| A | | 


the Conſequents of this Proportion by 2, then LB.: AB: BC: 


2. 


But AB: BC =-Circum, AB : Circum. BC : Wherefore LB . 2 


: : 33 
Circum. AB: Circum. BC, whence Circum. ABX = LBXxCircum.BC.. 


| But the Product LBCircum. BC, repreſenting the convex Super- Pa 


gle ALB, being right angled in E is qual to the Sum of the Circles, 
whoſe Rays are the Sides AL,” LB of this. 
the convex Superficies of the Segment BALDB is equal to the Super- 


ficies of the Circle, Whoſe Ray is the Altitude LB of the Segment, toge- 


6 rficies of the Baſe of the Segment. 


„55 
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Having explained how the Superficies of ſolid Bodies are determined, 


it remains to ſnew how the Contents of the Solids themſelves may be Fig. 22. 
found. Let the Solid to be meaſured be a Parallelepiped A O, whoſe 
Length AB, Bread th BC, and Height A M, have been meaſured, for 


Example, with the lineal Yard, and let this Solid be cut by Planes D P, 


EQ, FR, GS, HT, IV, &c. parallel to its Baſe, into as many equal 


Solids one Yard high, as there are Yards in its Height A M. The Con 


Each Solid as ANI two parallel Planes M O, IV — 


= NUMERAL ARITHMETICK - ig 
Equal to AF X Periph. RQs q, let the Number of Sides of the genes 


For it is evident from the foregoing Article, that the convex Superficies G:ounds of | 


vdv LEMENTS OS. 

its found by belog one Yard high, will contain as many cubical Yards as there are 
the ares of ſquare Yards in the Superficies of the Baſe MO; becauſe a cubical 
its Baſe by Yard may be placed upon each of the ſquare Yards in the Baſe MO, 
its Altitude. and that the cubical Yards that occupy all the ſquare Meaſures of the 


- Baſe, will be exactly contained between the two parallel Planes M O, 
I V, diſtant one Yard from each other. 


But the Number of ſquare Yards contained in the ReQan gle M O, is 


equal to the Product of its Length MN multiplied by its Breodth NO. 
herefore the Number of cubical Yards contained in each of the So- 
lids one Yard high, into which the Parellelepiped A O is divided, is 
equal to the Product of its Length MN multiplied by its 
Breadth NO; and as the Parallelepiped A O contains as many Solids 
one Yard high as there are Yards in its Altitude AM; it follows that 
thel Number of cubical Yards contained in the Parallelepiped A O 
vil be found by multiplying the Product of its Length MN and Breadth 
NO, meaſured in lineal Yards by _ Number of Yards contained in its 
Altitude AM. | 


\ 


Example Let, for Example, the Long « the Baſe A B be 6 Yanks the 


Breadth B C 5 Yards; and the Height A M of the Solid 3 Yards; the 


Number of 8 Vards contained in the Paralellepiped A O, will be 


equal to the Product of the three Numbers 6, 5, 33 and  confequently 


will be 90 cubical Yards, 
COCKE 
if the Length AB of the Baſe, the Breadth BC, and the Height AM 
le, gf the Parallelepiped AO were meaſured in lineal F eet, Inches, or 
Lines, it is manifeſt that the Content of the Paralcllepiped would be 
preſſed in cubica Feet, cubical Inches, or cubical Lines. 
A cubical-Yard, being a Paggliclepiped..6 Feet long, 6 Feet broad, 
: 4 6 Feet higb, the cubical ard will 6 nFai ain 6X 6 X 6 or 216 cubical 
cet. 3 


A cubical liver being "A Paralellepi ec 12 liches long, 12 Inches 


broad, and 12 Inches high, the cubical Foot will n= > XI2 X 12, 


or 1 728 cubick Inches: 


In like Manner it will appearthat a cubical Tack which is 12 Lines long, 


12 Lines broad, and 12 Lines high, contains 1728 cubical Lines, e 
of the other Meaſures that are employed. 
III. 

When the Dimenſions of a Parallelepiped are meaſured by my 
Yard, and is not contained in them a certain Number of Times without 
A Remainder, the Computiſts meaſure-the Remainder in Parts of a Yard, 
vin. in Feet, Inches, Lines, and as the * of thoſe three Dimen- 


ſions is not always an exact Number of cubical Yards without a Remain- ae 164 0am 


der, they eſtimate thisRemainder in Parts of the cubical Yard. * grace 
Though the cubical Foot, the . cubical Inch, and cubical Line, are and ſabdi | 


- the moſt regular Parts of the cubicai Yard; thoſe however are not the vided into 


Parts that the Computiſts commonly employ in eſtimating the Parts of wr, als 


Solids that are leſs than the cubical Yard, after the greateſt thoſe of the 
Part of the Solid has been computed in cubical Yards: to render the 2 Mes 


Computation more eaſy, they divide the cubical Yard into Parts analo- 
gous to thoſe of the lineal Yard. | 
They divide therefore the cubical Yard into \ equal Parallelepipeds 


| having each a ſquare Yard for Baſe, that is 1 Yard long, 1 Yard broad, 


the other Meaſures that are employed, 


> ; 
1 
% > 


and 1 Foot high, which on account of their three Dimenſions is expreſ= POR. 


ſed thus Tard- Tard. Foot. 

They divide the Tard. Tard-PFoot, or the third Part of the cubical Yard, anne 
into 12 equal Parts, having each for Baſe a ſquare Yard, that is, | 
1 Yard long, 1 Yard broad, and 1 Farr high, expreſſed thus 
Tard Tard- Inch. | 

They divide alſo the . ard-Y, ard: Lach, or the twelfth Part. of the * 
third Part of the cubical Vard into 12 equal Parts, having 
each a ſquare Yard for Baſe and 1 Line for Height, which on account 
of their three Dimenſions is expreſſed thus, 77 ard-Yard-Line ; and {6* We” 


CIV. 
When the Dimenſions of a Parallelepiped are meat by the Foot, - 
and is not contained in them a certain Number of Times without a Woe Another 


mainder, the Computiſts meaſure this Remainder in Inches and Lines. un. 


In this Caſe the lohan 1 way contains a 0 eſt Number of 


the ſolid Meaſures reſulting from thoſe Diviſions, have two Dimenſions 
"ng to thoſe of the NY Meaſure, | | 
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TheLength, From what precedes it is eaſy to conclude that Number of equal | 


Breadth, and 


Aleitude of {uperficial Meaſures of any 4 and Breadth, multiplied by a Num- 


che ſolid ber of lineal Meaſures of an Length, produces a Number of ſolid Mea- 
Meaſures ſures, having for Baſes the M 

any Solid, the Meaſures of the Multiplicator. 

are the line For Example, if a Number of ſquare Yards 1 Yard long, and 1 Yard 
a] Meafures broad, be multiplied by a Number of lineal Yards, the Product will be 


menſions. compoſed ot a Number of ſolid Meaſures, 1 Tard long, 1 Yard broad, 


and 1 Yard high, that is, of cubical Yards, 
If a Number of ſquare Yards be multiplied by a Number of lineal Feet, 


or of Inches, or of Lines, the Product will contain a Number of 
Jolid Meaſures, 1 Yard long, 1 Yard broad, and 1 Foot or 1 Inch or 


Line high. | 
If a Number of foberficial 1 that have two different Dimenſions, 
be multiplied by a Number of lineal Meaſures that differ alſo from thoſe 
Dimenſions, for Example, if a Number of ſuperficial Meaſures 8 Inches 
long, and 4 Inches broad, be multiplied by a Number of lineal Meaſures 


of two Inches, there will reſult for Product, a Number of ſolid Meaſures, 


: egch 8 Inches long, 4 Inches broad, and 2 Inches high, and ſo on. 
| cvr. 


'The Value of the different Units relative to the cubical Yard, and the 


eaſures of the A pan. an for Height 


Characters 2 they are diſtinguiſhed from each other, are as 


” 
2 N 


> 2g pu ene 


follow. y 
rr. *Cubical Yard FL Foo Rot Line I fL 12} 12lll 
WH | % Foot-Foot-Prime , 12f” III 
| Foot -Foot- Second 1 12 144LLL 
. 7 Foot-Foot-Tierce ,, 12 12LLL 
a e I Fea * W till 
w_ Yard-Yard-Foot [1 0-3 of | | 
1 Yard-Yard-Inch "A | 111/17 121k 
TI Yard-Yard-Line | , L 121PF 144LL 
TY Yard-Yard-Prime ; Inch ' I 121 12LLL 
TY! Yard- Yard-Second |i7YT” 127Y” 411 [I Inch-Inch- Second nw. 1LLL 
u Yard-Yard-Tierce IT!“ 127% polll 5 E 
D Yard-Yard-Quart I 127Ty LLL 74 Yard-F oot-F oot Th ir . 477 WH 
TT Yard-Yard-Quimt [II 1277 S$ELLL|YfI Yard-Foot-Inch 171 477 "i 
{7Ty Yard-Yard-Sext ITT] +#3LLL]IYL Yard-Foot-Line J. 1 
| 5 I Tard-Inch- Inch TI 477 WITT 
. „ YIL Yard-Inch-Line [ITIL 4T TT“ 311 
% Foot-Foot-Inch [/ raffL 1441/117LL Vard-Line-Line J1iFLL 4700 a | 
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15 . > err. . 
. Loet it be propeſed to find Fthe Content of a Parallelepiped the Area of 
: : whoſe Baſe is 395 21f Y, and its Altitude 221 if 6]. 
7 HFaving diſpoſed thoſe Numbers as | | 1-25; had 
* in the Margin, I firſt multiply the Num- 395 217 81 dadiag be 
ber of YY of the Multiplicand, by22Y, gat. nx 68 Content of 
J and afterwards'take for the Products of 5 
i the other Parts of the Multiplicand, 7% % Baſe is ex 
LE multiplied by 22Y, the ſame Parts of 014 „ ä 3 | 
22 , that the Parts 2Yf 8 VI of 14 2777 81777 and Fete e 
: the Multiplicand are of a ſquareY ard. . 1 3 ſquare 
5 | 19. Multiplying the Part 3957 YY 1 0 10. V8 LE dere Omg — 
„„ of the _ Maltiplicand by. OY, r Sf Ct © 1M 
- ind tho two particular, Products gage x. Y Parts of 2 | 
to be J9914YYY and 79140YYY, ne, 177 ken 1 Yard, 
29. To multiply 2Yf by22Y, I obſerve that 1Y'Y multiplied by 22Y, 
; will produce 22YYY, whence 2 Yf which are only the two thirds of 1Y Y 
| ſhould give for Product the two thirds of 22Y VX, and each third Part 
8 being 7YYY 1Y YE, I ſet down twice 7YYYiYYfor 14 VT 21 If. 
5 To multiply the 8 VI of the Multiplicand by 22 1, I obſerve that 
8 VI are the one third of 2 Vf, which produced 14 V VV 2Y Tf, whence 


for 8 KI I take the 4 of 14YYY 2 Ff, which is 4 XIX 2Y If SV VI. 


4. If the Multiplicand was to be multiplied by 1 V, the Product 
would be 3957YYY 21 If 8 VI, but as it is only to be multiplied . 
by x Foot, or the; of a Yard, the Product will be the 2 of | _ 
3957YYY 2YYE 8YY1, viz. 1319YYY oYYf roYYI 8YYL, . - 
50. As 6T1s only the one half of 1 4 it ſhould give for Product th 
one half of the Product 1319YYY oYYf 11Y YL, 8Y YL, which e 
ee  Q h. oe 
Adding together all thoſeparticular Products, there reſults 89032 J Y Y 
IYYf 6YYL for the Content required of the Parallelepiped. : 
1 AM =. CVIIE „„ 
Let it be propoſed to find the ſolid Content of à Parallelepiped 8 7 2f 81long, 
687 Fd 1 61 bigb. Fe ; 1s 
As the Length is to be mul 3) of 81 e WON” 
 , tipliedby the Breadth, and that 687 27 8 75 1 
e Product by the Height of the - — — — Jontent of a 
Parallelepiped, 1 multiply 603527 O 111 4TL 3 


A hrs by 32Y if 6, ar . if. 6. _ 1 Yards 1 
rom whence there reſults | | AH 55 
197138 WTV 2YYf 11 I 1971382TY 27 f 1 AlL olrL « Nu. 

47 V for the ſolid Content required of the Parallelepiped, 


N 1 
4 —_— - * > A * 
2 r ne PRs 8 — » REI r X 
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Md 


When the ſolid Content of a Body is n in cubical Yards and i in 
Method of other ſolid Meaſures that have all a ſquare Yard for Baſe, and for 


reducing the 


Parts of ſo Height the Parts into which the lineal Yard is divided, thoſe Meaſures 
lid Neaſures may be reduced into cubical Meaſures, ſuch as cubical Feet, cubical Inch- 


analogons to es, and cubical Lines, after the following Manner. 
Enes Mea 1. Each ſquare Yard containing nine ſquare Feet, and 1YYf being 


ſures into is product of 1 ſquare Yard or of 9g ſquare Feet multiplied. by 1 Foot, 
cubical which produces g cubical Feet, it follows that the Number of X If being | 


K 1 8 85 multiplied by 9, will produce cubical Feet. 


29, Each YYI being the one-twelfth Part of 1YYf, or of 9 cubical x 
Feet, it follows that 1Y YI is the $ of a cubical Foot; whence the Num- 


ber of VI being multiplied by 3, will produce cubical Feet, and if 
there remains 1 or 2 or 3 Units, they will be equal to 432 or 864 or 
1296 cubical Inches. 


3%. Each YYL being the one-twelfth. Part of iYYI or of the { of a 


cubical Foot, it follows that 11 VL is the r; of a cubical Foot, or 108 
cubical Inches, whence the one-ſixteenth Part of the Number of 1YYL 


will be cubical Feet, and every IYYL that remains will be equal to 


108 cubical Inches. 
49. Each Y Y' being the one twelfth Part of VI. or of 108 cubical 


| Inches, it follows that 1Y Vis equal to g cubical Inches, conſequently the 


Number of VV being multiplied by 9, will produce cubical Inches. *- 


59. Each Y I“ being the one twelfth Part of 1Y Y Y', or of g cubical 
Inches, it follows that 1 Y Vis the 4 of a cubical Inch, 8 the Num- 


ber of Y being multiplied by & will produce cubical Inches, and if 


0 bical Lines. 


cube Inch, it follows that 11 is the g Part of a cubicet Inch, or 108 
cubical Lines, whence the one fxteenth Part of the Number of "© #4 wed 
will be cubical Inches, and every 1Y T“ e Will be equal to 108 
cubical Lines. . 5 | 
| b 


7*. Each Y Y'” being equal to the twelfth Part of 1* * 


or of 108 


cubical Lines, it follows that 1 Vis equal to 9 cubical Lines whence / 
the Number of 1Y Y”” being multiplied by g, will produce cubical Een 


8. Each Y Y* being the twelfth Part of 1YY”” or of 9 cubical 


Lines it follows that 1 V V is equal to the à of a cubick Line, where- + 


Ein the number of Y.YY being mulũplied by 4 will produce cubical 
Lines. 
9. Laſtly, iX X“ being the twelfth Part of 1YYY, or of 4 of a 
cul ical Line, it follows that 1 Y.X" will be * 18 of a cubieal W and 


there remains 1 or 2 or 3 Units they will be equal to 432, 864, 1296 | 
YY”" bem the one twelfth Part of 1YY", or of 4 of a 


{hs os ret 


r 


63 


— 


duce thoſe oYTf oYTT-2YYL 317 5 5 N zT“, 48 
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| conſequently the number of VV being divided by 16, will produce 
cubical Lines. | | 


When the Parts of the loweſt Denomination, in the three mixt Num- 
bers that are propoſed to be multiplied into one another, are Lines, the 
4 of the Number of 1Y YY will always be an exact Number of cubical 
Lines, and the Number of 11“ will be always diviſible by 16; be- 
cauſe the three Numbers when reduced into Lines, and multiplied into 


one another, can only produce cubical Lines. 


2 cx. | 
Let it be propoſed to reduce into cubical Feet, cubical Inches, cubical Lines, 
the Numbers of ſolid Meaſures in the following Product, O oYYI 


. 2TYL z z 5rY” 2, 48ND that have all for Baſe! a 
. ſquare Yard, and for Height the Parts into which the lineal Tard is divided.) 


- 


To re- 


Meaſures it 9 4 T3. 9 4 I's 9 4 Iz applied to an 


luffices, to 216/17 1296LLE 
ſet down 27 540 

under the | 3 > cog 

three firſt, | 3 

the Num- | 3. | 
bers 9, ; 8 | — ; 
re, Which 471 132500 
will pro- 


111 


| The forego 
ing Method 


le, 


duce cubical Feet, likewiſe under the three following the ſame Numbers 


aq; > 


the ſame Numbers 9, 4, 28, likewiſe, which will produce cubicalL 


and multiply each Number of Meaſures by the Number u rote under it. 


As the three firſt cannot produce an Unit, the Reduction will not pro- 


duce cubical Feet, but becauſe theys remains 2 Yard-Tard-Lines, © | 
. which multi plieg hy rc or divided by 16, will produee the 4 of a Foot, 


9, 4, 18, Which will produce cubical Inches, and under the three laſt _ # 


or the 4 of 172  cubical Inches, I ſet down 216 in the Rank of cubical | 


Inches. 3 
Multplying the three following Numbers 3Y V, 5 VV, 5YY”, which 


- ſhould produce cubical Inches by the Numbers 9, 4, rs, wrote under 
them, I find for the firſt Product 2711, for the ſecond 3 III, 1296LLL 

and for the third 540LLL. | 5 Fn 
Multiplying the three laſt Numbers of the Meaſures that ſhould pro- 
duce cubical Lines, by 9 1 1, the firſt Product will be 18LLL, the 
"ſecond 3LLL, and the third will be 3L LL. 


Having reduced all the Parts of the propoſed Product, into cubical 
Meaſures, I add them together, and there reſults offf 2471 132LLL. 


a — + 
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From the Content of a Parallelepiped thus known that of a Priſm is 
alſo known. Let it be propoſed for Example to find the Content of a 
triangular Priſm ABCDEF, becauſe this Priſm is the Half of its Parallele- 
. . piped (Euc. Prop. xX VIII B. X1) it will be equal to a Parallelepiped of 
equal Baſe and Altitude. Let therefore in its Baſe ABC, and from one 
of its Angles B, a Perpendicular BG be let fall upon the Side AC oppoſite 


Fig. 23. fo this Angle; then AC x = will reprefent a rectangular Parallefo- 


. gram MNO whoſe contiguous Sides MN, NO are equal to the Side 
The C AC and to one half of the Altitude BG of the Baſe ABC of the Priſm - 
e 0 ABCDEF. Let a Perpendicular DI be drawn from any Point D of the 


er by upper Baſe of the Priſm to the Baſe ABC: then AC N DI will re- 
| — preſent the ſolid Parallelepiped MR of equal Baſe and Altitude with the 
its Baſe by triangular Priſm ABCDEF. 2 LO, . 
its Heignt. As all Polygons may be divided into Triangles, and that each Triangle 
may be transformed into a rectangular Parallelogram, it is manifeſt that 
every Priſm is equal to a Parallelepiped of equal Baſe and Altitude; 
therefore the Content of any Priſm will. be found by multiplying the 
Area of the Baſe, (found by the Rules for Surperficies) by the Height of 


| the Priſm, and the Produ@ will be the required Content. 
Fig. 24. CXIT.. | 


Ths 1 After the very ſame Manner the Content of a Cylinder is found (it 
ent or a 


Cylinder being alſo equal to a Parallelepiped. of equal Baſe and Altitude) : There- 
found by fore, if for Example, the Diameter of the Baſe be ſuppoſed to be 20 
di Inches, and the Height of the Cylinder 15 Inches, then the Content of 
* _w by the Solid will be 4712, 4 cubical Inches, very nearly. For the Area of the 
its Altitude, Circular Baſe being 314,16, this multiplied by 15, gives 4712, 4, as before 
Fig. 28. Hence alſo the Solidity of a Pyramid or Cone is likewiſe known; every 
The ©. ſuch Solid: being 3 of a Priſm or Cylinder of equal Baſe and Altitude 


— * 6 1 — * * 


Pyramid or (Euc. Prop. v11. Cor. 11. Prop. x. B x11). Therefore the Content of a 
Cone, found Pyramid orCone is found by multiplying the Area of the Baſe by 3 of 


by multiply PN | 
og the the Altitude. | 


Meaſure of _ 1 E . . 

i Baſe 12 The Content of a Fruſtum of a Pyramid is found by multiplying the 

Altitude, Area of the two Ends, and a geometrical Mean between them by J of the 
Height of the Fruſtum. = | | 2 5 | 


The Area of the two Ends of the Fruſtam is found by the Rules for 
Superficies, but as thoſe two Ends are ſimilar Figures, and conſequently 


N IE" * 9 * N 
0 * , 21 * * 
1 W n N 
* 


proportional to the Squares of their homologous Lines, (Euc. Prop. x x. Fig: a6. 

Cor. 11. B. v1.) when one of the two Ends of this Fruſtum is found, > | 
the other may be determined by the following Proportion. Ew; ow 7. 
Al the Square of any Line in one Baſe, whoſe Length is known, is to the folid Gon 
Square of the. homologous Line in the other Baſe; ſo is the Area of the firſt Baſe tent of 

to the Area of the ſecond Baſe. "© 5 „F A eme yy 

When the Area of the two Baſes of the Fruſtum is found, the Area of or Cone 
the Baſe, which is a geometrical Mean between them, is determined by 

the following Proportion. OUT Gray 0 hi 3 Ce Rn 

As a Line in one of the Baſes, is to the homologous Line in the other Baſe ; 

© fo is the Area of one of the Baſes to the Area of the geometrical Mean between 

them. 5 | 

| 5 5 . 195 | 

That this may appear let ABCDEF be the Fruſtum of a triangular 

Pyramid, from an Angle A of the upper Baſe of the Fruſtum, let there 8 

be drawn in the lateral Faces, BD, CD of this Fruſtum, two Diagonals = 18. 

AE, AF, and let the Fruſtum be cut by a Plane EAF, paſſing through determining 

thoſe Diagonals. It is manifeſt that this Fruſtum will be divided into 3 

two Pyramids AEDF, ABC FE, the firſt AED F having for Baſe, the tum of a2 
Baſe EDF of the Fruſtum, as alſo the ſame Altitude. Pyramid or 

Let the ſecond quadrangular Pyramid ABC FE, be cut by a Plane CAE Cone. 

paſſing thro' AC, AE, which will divide it into two Pyramids AB CE, 

ACFE; the firſt AB CE having for Baſe the Triangle BAC, and its Ver- 

tex in E, conſequently the ſame Altitude as the Fruſtum. 

To find the Expreſſion of the third Pyramid ACFE, I compare it 

with the Pyramid AB CE, and obſerving that the Vertices of thoſe two 

Pyramids coincide in A, and that their Baſes BCE, CFE, are in tũge 

ſame Plane BCFE, I conclude that they have the ſame Altitude, and 

conſequently that they are proportional to their triangular Bales BCE, 
Now the two oppoſite Baſes BAC, EDF, of the Fruſtum of the f: 

 ramid, being parallel; BC and EF, will be parallel; whence the Trian- FUSS. 

gles BCE, CFE, contained between thoſe two Parallels BC, EF, will 

have the ſame Altitude, and will be proportional to their Baſes BC, EF 3 

and conſequently the Pyramids AB CE, ACF E, will be proportional to 


— 


the ſame Lines BC, EF, 


But inſtead of taking the Point A for the common Vertex, and the 


two Triangles BCE, CFE for the Baſes of the two Pyramids, ABCE, 


A ACFE let the Point E and the Triangle ABC, be conſidered as the Ver- 
tex and Baſe of the Pyramid ABCE, and let the Pyramid ACFE, be ſup- 
46 poſed to be reduced to another 21 of the ſame Height as the Fruſ- 
VVV 9 9 2 EO 5 | 
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tum; the two Pyramids ABCE, ACFE having the fame Altitude, will 
be proportional to their new Baſes, BAC & X: and as thoſe Pyramids 
have been demonſtrated to be proportional to the two ſtraight Lines 
BC, EF, their new Baſes will be alſo proportional to. the Lines 
BC, EF, or BAC: X=BC:EF, but the two oppoſite 
' Baſes E DF, BAC, of the Fruſtum being fimilar Figures 
EDF: BAC=EFXEF : B CX BC; wherefore by the Compoſition 
of Ratios EDF: X = EFXEF X BC: BC x BC X EF=EF : BC, 
„and invertendo, X: EDF = BC: EF; wherefore BAC: X X: EDF. 
From whence we may conclude that the Fruſtum of a Pyramid or 
Cone is equal to the Sum of three Pyramids, or of three Cones, of the 
ſame Altitude as the Fruſtum, two of which have for Baſes the two Ends 
of the Fruſtum, and the third having for Baſe a geometrical Mean be- 
tween the two Ends of the Fruſtum, Conſequently its ſolid Content is 
equal to one third of the Product, arifing from the Multiplication of the 
Altitude of the Fruſtum into a Baſe compoſed of the two oppoſite Baſes 
of this Fruſtum, and a geometrical Mean between them. „ 
| .CXVI. ; Ws: 
1 The ſolid Content of a Sphere is found by multiplying the Area of its 
„ mus 22 greateſt or generating Circle by ; of its Diameter; or becauſe the Area of 
f ares feng ſuch a Circle is to the Square of the Diameter, as 0,7854 to Unity; 
dent of a multiply the Cube of the Diameter by , 5236 which is + of o, 7584 
| Sphere. and the Product will be the Content of the Sphere. N 
Thus if the Diameter of a Sphere be 20, the Cube thereof will be 8000, 
which multiplied by the FraQtion ,5236, gives 4188,8 for the Solidity 
of the Sphere very nearly, : 
| | | | eV „ 
Grounds of To demonſtrate this Rule, let AB be the Axis, about which a Sphere 
the forego and Cylinder are generated by the Rotation of a Semi-circle AGB, and 
ing Rule. 4 Rectangle ADCB ; let HL be any right Line perpendicular to AB, 
meeting the Periphery of the Semi-circle in K, and from the Center O let 
OK and OD (interſecting HL in I) be drawn becauſe AD=OA, therefore 


: 2 2 2. 2 3 3. 
is HI = OH, and conſequently HI (OH = OK—HK ) = Hl Hk; 
whence becauſe all Circles are as the Squares of their Radii 
(Euc. Prop. 2. B. x11.) it is evident that the Circle deſcribed by HI, or 
the Section of the Cone generated by the Triangle AQD is equal to the 
Difference of the Cireles deſcribed by HL & HK, that is equal to the 
Anulus deſcribed by KL, or the Section of the Solid, which remains 
when the Sphere is taken out of the Cylinder; wherefore ſeeing the 
Sections are every where equal, the Solids themſelves muſt be alſo equal 
or the Cone EOD generated by the Triangle AOD, equal to the Ex- 


Fig. 27. 


— 


d . a 


Hence the ſpherical Segment BAD = SY AEXES -— 


Wn. o * 1 os 
„ Geer Mg 
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ceſs of the Cylinder, GDEg, above the Hemiſphere GAg, whence, as 
the Cone or Exceſs is 4 of the Cylinder, the Hemiſphere muſt conſequent- 
ly be the other two thirds, and ſo *the whole Sphere equal to 5 of its 
circumſcribing Cylinder CDEF „1 "ot e 5 
: pro e D wy 
The Content of a Segment of a Sphere is found by multiplying the Rule for 
Square of twice the Height or Thickneſs of the Segment by the Ray of the determining 


| Sphere leſs by 4 of the ſaid Height, and that product again by o, 7854. | fold - 


For to obtain the Content of a Segment BAD of a Sphere, we muſt — eget 


ſubtract the Cone CAD, from the ſpherical Sector CABD. _ © ® Sphere, 


But 19. The ſpherical Sector CABD is equal.to a Cone, having the 
Radius BC of the Sphere for Altitude, and the ſpherical'Superficies of the 
Segment BAD for Baſe, conſequently is equal to the Sum of two Cones, Fig. 28. 
both having the Ray BC of the Sphere for Altitude, and whoſe Baſes 


have for Rays the two ſtraight Lines AL, BL, that is, Sector 


Cir. BL x BC 


— 


3 F 3th 
22, The Cone CAD to be ſubtracted from the Sector, having AL for 1 
R d LC f. Al ; d 3 CAD - CI AL X LC { t the reg 
ay and | for titude, this Cone 155 TT -» conſequen r 
ly SeQor CABD—Cone BAD or Segment BAD= CEE 
+8 BLXBC __Cir. ALXBL, Cir. BLXBC 
„ coor ap ue 


But CieBL.: Cir. AL=BU : AL and BL A = AL LG 


BL: LG. Wherefore Cir. BL : Cir. Al. BL: LG; conſequently 


| Cir. ALXBL = Cir. BLXLG and . 


, Cir. BL X BC. 
LG F:, BC) 

: 9 0 - : 3 | i 
_ = Cir. BL x (BC===). 
But Cir, BL being the Area of a Circle whoſe Ray is the Thickneſs of 


But cir. BLXLG , Cir. BLXBC „ Cir. BLx( 


: = 
_ Cir. BLX(3BC—BL) 


| the Fruſtum BAD, it is manifeſt that Cir. BL x (BC — ) is me 


ſolid Content of a Cylinder, whoſe Ray is BL, and Altitude is Equal to | 
the Ray BC of the Sphere, leſs the one third of the Height BL of the 
Segment. Wherefore, &c. e e 


IX. 


US Having fully explained the Method of multi lying mixed Numbers, and 


ſhewn how Superficies and Solide are produced by the Multiplication of | 
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of the Units 
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Numbers, ſubitituted for Lines, we now proceed to explain the Method 
of dividing mixed Numbers, and to ſhew how Superfices and Solids are 
are reſolved by Diviſion. a 8 | 8 Ds 
The Diviſor given to divide a mixed Number by, may be etther a ſim- 
ple or compound Number. When the Diviſor given is a ſimple Number, 


proce mers 5 the Diviſion of mixed Numbers does not differ from that of ſimple 


mixed Num Numbers, and is performed by dividing each Part of the mixed Number 


ber bya by the given ſimple Diviſor, beginning the Diviſion by the Parts of the 
fenple one. higheſt Denomination. For Example, if the mixed Number that is pro- 
poſed to be divided, conſiſts of Pounds, Fhillings, Pence, and Farthings, 

the Pounds are firſt to be divided, then the Shillings, after adding to them 

the Value of the Pounds that could not be divided; afterwards the Pence, 

after adding to them the Value cf the Shillings that could not bedivided; 

and laſtly the Farthings are to be divided, after adding to them the 

Pence that could not be divided. . 5 G „ 

| When the given Diviſor is a compound Number, the Computiſts re- 
Method of duce it to a ſimple Number, by multiplying it by ſuch Numbers as will 


dividing a 


mixed Num make all the Parts, whoſe Units are leſs than the principal Unit, diſap- 


ber by ano pear ; and, that the Quotient may be the ſame as would reſult if the 

oper Dividend was divided by the compound Diviſor, they multiply the Di- 

| vidend by the ſame Numbers that the Diviſor was multiplied by, to re- 

duce it to a ſimple Number; the Reaſon of this Operation is, that a Di- 

vidend and Diviſor being multiplied by the fame Number, gives the ſame 
Quotient as they would give if they had not been mutiplied. 

| "OAT. ot | . 

When the Diviſor is an abſtract Number, the Units of the Quotient 


How to dif are of the ſame Species as thoſe of the Dividend, becauſe the abſtract 


tioguiſh Diviſor denotes, by the Number of its Units, that the Dividend ſhould 
Quotient be divided into a certain Number of equal Parts, and it is manifeſt that 
ſhould be a the Parts of the Dividend are of the ſame Species as this Dividend, 


conta When the Diviſor is a concrete Number, its Units ſhould be always of 


Number. the ſame Species as thoſe of the Dividend, except the Dividend be a Num- 


ber of ſuperficial or ſolid "Meaſures, for in this Caſe the Diviſor may be a 
concrete Number of Meaſures that have one or two Dimenſions leſs 

than thoſe of the Dividend. * | 
If the Dividend and Divifor conſiſt of the ſame Species of Units, 
the Quotient is always an abſtract Number, ſince it ſhould expreſs how 
often the Diviſor is contained in the Dividend. nan 
Dimenſions If the Dividend contains a Number of ſquare Mealures,- and the Di- 
of the Quo Viſor contains a Number of Meaſures that are the Sides of thoſe ſquare 
tient, when Meaſures, the Quotient will be a Number of Meaſures that will be the 


>. 


| have not: All which will be explained in the following Examples. 


* 
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Sides of the ſame ſquare Meaſures; and in general, when the Div; Vaits of the 
conſiſts of a Number of Meaſures of a certain Number of B W 


and that the Units of the Diviſor have ſome of the Dimenſions of the e 


Units of the Dividend, the Units of the Quotient always will have the certain 
Dimenſions of the Units of the Dividend; that the Units of the Dies 2 2 


V oo” rs 155 
Let it hs propoſed to divide the mixed Number 38386 L. Ge. 10d. by the 


a bftract Number 74. 


Having ſet down the | 4s; Po 
Diviſor to the Right Hand 38386 C. 6s. 109. 2 The Dig 
of the Dividend, and drawn 370 _ Cord, 197 $4 22 
a Line, under which the —— 3, AR 282 
Figures of the Quotient 138 ET — Fore, 
areto beſet down, accord- 74. | by an 5 
ingas they are founßctc. x ec + 
19. I divide the Part 646 | | od by an Be 
38386 C. of the Dividend 592 ample, 
by the given Diviſor 74, — . 8 
and I find 518 C. for the 54 L. 65. or 1086 7. 
Quotient, with a Remain- 20 my 
der 54 /. which cannot be | — Ny | 
divided by 74 under the 346 | 7 
Form of Pounds. . | 296 5 5 
2. This firſt Diviſion a | 
being performed, I re- 505. 10d. orb ro d. 
duce the 54 /. remaining 12 592 
into Shillings, by multi- DE | ee | 
plying it by 20, which - 1384. Zor 74 r. 
will produce 1080s. to 5 | | 74 


which adding the 6s. in 
he Dividend, there re- 1 . = oo 
ſults 10867. to be divided by the given Diviſor 74, the Quotient will be 
found to be 145. with a Remainder of 50s. that cannot be divided by 74. 
30. Having ſet down this ſecond Quotient 149. to the Right Hand of 


518 L. already found, I reduce the 50s, remaining into Pence, by 


multiplying it by 12, which with the 10 d. in the Dividend, will produce 
610 Pence, to be divided by 74, the Quotient will be found to be 8 d. 
with a Remainder 18 d. which reduced into Farthings, and adding to the 


Produc, the 4 in the Dividend, there reſults 74 Farthings, which di- 
vided by 74 gives 1 for the Quotient without a Remainder; whence 


38386 L. 65. 10d. 2 divided by the abſtract Number 74, will give 


518 L. 14s. 8 d. 4 for the Quotient required, 


er 4 7 
' "1 
$4. 9 
ons. T5 
* 
* 
* 
: 
. 
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Let it be propoſed to divide the mixed Number 1267 lb. 8 oz, 5 dwt., 15 gr 
V e 9M Fate 
120% B. Der. 5 dur; 167. 1 

The Divi an 3 - ö 3 
ſion of Tn it 1 e OTE 

| Weights 5070/6, 9. 2dwt. 12 gr. 0 8 5 
bon - REF | 7-5 OR s 0 2416, $02, 16dwt. 12 gr. 
Seca wid 1 . 
ed by an 970 

+ oy 15016. ox. or 1809 o. 
Sh ems Lc e 1640 


169 oz. 2 diot. or 3382 dwt.. 
20 8208-475 
1332 
1230 
102 dwt. 12 gr. or 2460 gr. 
24 „ 
410 
410 


O00 


The Diviſor 51 4 being a mixed Number, I multiply it by 4, to make 
the Fraction 4 diſappear, and there reſults 205 for a new Diviſor qua- 

. druple of the one propoſed ; and that the Quotient may be the ſame as 
if the Dividend was divided by the propoſed Diviſor 51 &, I multiply the. 
Dividend alſo by 4, which will produce 507016. gez. 2 dw. 12 gr. for a 

new Dividend, and having placed the new Diyiſor to the right Hand of 
the new Diyagend. -! . . ..__. -* | | 7 
1. I divide the firſt Part $0701. by 205 and I find 24 1b. for the 

Quotient, with a Remainder 1 50 1b. which cannot be divided by 205. 
. 29, I reduce the Remainder 150/6. into Ounces, by multiplying it by 
12, and adding to the Product the g Ounces in the Dividend, there reſults 
1809 Ounces for a new Dividend, which divide by 205, and I find 8 oz. 
for the Quotient, with a Remainder 169, that cannot be divided by 

205. 1 ; : . : . 


* — 3 att." n 8 "a CY 
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300. Irednce the Remainder 169. into Pennyweights, by multiplying it hn e 

buy 20, and adding to the Product the 2 dt. in the Dividend, there re-. 
ſults 3382 drot. for a new Dividend, which I divide by 205, and I find * 
16 dot. for the Quotient, with a Remainder 102 di. which cannot de 


divided 
4% 4 


find 12 for the Quotient, without a Remainder 
required will be 24 /b. 8 oz. 16 dwt. 12 gr. 


by 205. 


- 


. reduce the Remainder 102 dwt. into Grains, by multiplying it 
by 24, and adding to the Product the 12 gr. in the Dividend, there re- 
ſults 2460 gr. for a laſt Dividend, to be divided as the reſt by 205, and I 


C XXIII. 


Let it be propoſed to divide 38515 L. 197. | by $18 . 145. 8d. 


The Diviſor being a mixed 
Number, I multiply it by ſuch 
Numbers as will make the 


Shillings and Pence diſap 
to find thoſe Numbers T 


ear; 


ob- 
ſerve that 8 d. is the one third — — — — 
of 25. conſequently by multi- 
plying the Dividend and the 


Diviſor by 3, there will reſult 


a new Dividend 115547 T. 177. 


and a new Diviſor 1556 /. 49. 
in which there are no Pence. I 31124 
obſerve further that the 4. | 
in the new Diviſor being the 


one fifth of 1 C. by multiply- 


ing the Dividend and Diviſor 8 
Sail L. 5. and a new Diviſor 778 1 C. in which there are neither 


hillings or Pence. 
The Dividend an 


other. 


by the prepared Diviſor 7781 C. I find the abſtraft Number 74 for the 


— — Y 


I15547f. 17 5. { 1556 f. 45 


7781 £- 
$71139&-. $4 1 IO. 
54467 | 
33069 


1945 C. 5. 
by 5, there will reſult a new Dividend 


10. Dividing 577739 f. the firſt Part of the prepared Dividend, 


| Quotient, which denotes that the Diviſor 7781 L. is contained 74 Times 
in the Dividend 5771739 L. and there remains 1945 L. 5 5. that cannot 
be divided by 778 1 C. but as-this Remainder is preciſely the one fourth 
of the Diviſor 7781. I ſet down ;; in the Quotient; whence 74 is the 

exact Quotient required. „„ „ Toby 


o "4 * 


__CXXIV, 


| When the Dividend and Diviſor conſiſt of Units of the ſame Species, 


as in the foregoing Example, the Diviſion may be performed after the. 


— 


% 
4 
2 


„ Whence the Quotient 


38575 L. 10 J 518 C. 145. 84. The eig 


on of Pounds 
Shillings, 
and Pence, 
by Pounds, 
Shilling, 
and Pence, 
explained 

by an Ex- 
ample. 


d Diviſes being thus prepared, T divide one by the 


e 
* - > — a _" 
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Another following Manner: Reduce the Dividend and Diviſor to the loweſt De- 


3 * nomination they contain: Thus the loweſt Denomination in the | -” 
mired Num foregoing Fxample being Pence, reduce the Dividend and Diviſor into £08 
bers of the Pence, by multiplying the Pounds by 240, and the Shillings by 12, and | m 
_ spe then divide the Dividend reduced to one Term, by the Diviſor reduced toi 
JT alſo to one 'Term, and the Quotient will be an abſtract Number, expreſ- 

ſing how often the Niviſor is contained in the Dividend. ret 
1 | 5 e REV. . | | WI 

Let it be propoſed to divide 5 1227 11f 81 1TL by571Y of 8ʃ. 2, 
| IE | | . 5 
Diviſion of g127Y 127 817] 1TL 17 27 81 _ to 
ſquare 5 Rs 8 3 | 3 = 
vert wy | 2 111 1 85 | . cal 
| ſquare Varcd 153/77 T 27 o 3YL J 8 ; 2) 

by lineal „ | 1 wh | 
1 E 4 
Par . „„ 521 PE, | 5 
— . 46137 T O o 91 —— | i | 5 wh 
by an Ex 4168 | at .. be 
ample. . di\ 
r off % % . Q 
. 8 4 
293f O71 er 351677 ne 99 
12 3126 Ys | Sp Q 
: 39017 gYT or 4689 YL 5 
- In. 4689 | of 
| 5 l | 1 

| | „ 8 

To make the 8 Inches in the Diviſor diſappear, I multiply it by 3; I zl 
likewiſe multiply the Dividend by 3, and there reſults 1531YY 2Yf the 
OI 3YL for a new Dividend, and 173 M af for a new Diviſor. Ni 
To make the 2 Feet in the new Diviſor diſappear, I multiply like- 
| , wiſe the new Dividend and Diviſor by 3, and there reſults po 
| 4613YY Of, oYI XL for the prepared Dividend, and 521Y for by 
| the prepared Diviſor; the Quotient of which will be the ſame as that of "IN 
} the propoſed Dividend, divided by the propoſed Diviſo 1 
| As a Number of Yards, Feet, and Inches, multiplied by a Number of "wil 
| Yards, produce a Number of ſquare Yards and Parts of a ſquare Yard, 14 
| io 
| the 


e 
@ 
d 
d 
. 


| aide into 3, and ſubdivided continually into 12 equal Parts, and that ; 


: which cannot be divided by the Diviſor 521Y. 
| Yards remaining, by multiplying 1t by 3, which will produce 1335Yf, 


| doe 390 YI, eee it by 12, and adding to the Product the 
9L in the 


Quotient required will be n 


viſor by 24 and there reſults 223 

144 ff 8fI to be divided by 183 : 

_ Gif, and performing the Divi- 4off or 488f1 

- fion, as in the Margin, I find 12 488 
the Quotient to be 23f ll. i 


. A 
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the Extention produced by Multiplication is reſolved by Diviſion ; it is 
manifeſt that 4613 YY Of oYI VL, divided by 521 V, will give 
for Quotient a mixed Number, compoſed of Yards, . Parts of a Yard, 
Dividing therefore the Part 4613Y V, of the Dividend by the prepa- 
red Diyiſor 521Y, the Quotient will be 8Y, with a Remainder 445YY, 


To continue on the Diviſion, I reduce into Yard-Foot the 445 ſquare 


6 2 
r 


9 ; 2 _ 
, 5 a: © ! 4 X — 2 f * $i 
* 1 * J £ * F 
Tp wt ky 2 * D TR Inge TY 6 wks. ; — — 
: 4 5 . ? * ai Dee . 
; eg. N 5 8 2 by. 
by Wa N 1 — 3 5 wk 
e * „e Nur pag og > j f 1 F 6 | 
2 * ot 1 
— — — — ao 2 Wb gy AS l r - Þ — 
3 — 3 Ee ef 5 . 1 K ͤ ͤ a ates Es > ST; Ef 2 
8 S 5 — vc "> 3 X .. EST ENG NN n 
c „ 2 wy R L 


q 270 we - 2 
7 hg 7 2 TIT. Dd 1 n - ds TR AK, — * * a = 
F EE ⁵ ͤ ͤ EO En annns oor REES UF 


to be divided by 521 V, and the Quotient will be 2 Feet with a Remain- 


der 293 Vf; becauſe a Number of Yard-Foot, ariſing from the Multipli- OTH 
cation of.a Number of Feet into a Number of Yards, when divided . 1 
a Number of Yards, will give a Number of Feet for Quotient. d 9 
To continue on the Diviſion, I reduce into Vard-Inches the R- _ 
mainder 293Yf, of the foregoing Diviſion, by multiplying it by 12 9 
which will produce 3516 VI, to be divided by 521 V, and the Quotienn = 
will be 6I, with a Remainder 390 VI; becauſe a Number of Yard-Inch Ws 1 
divided by a Number of Yards, ſhould give a Number of Inches for = 
Quotient, 1 | | CF | ; 
To continue on the Diviſion, I reduce into Yard-Line the Remain- by 


ividend, there reſults 4689 YL, to be divided by 521 V, 
and the Quotient will be 9L, and there being no . Remainder, the 


3 Rt e : 3 | | 
In the foregoing Example, the Yard being the principal Dimenſion Divifien of 
of the Meaſures of the Dividend, we were under the Neceſſity of ſquare Feet 


reducing the mixt Diviſor into Yards ; and we found for the Quotient eg 
a Number compoſed of Yards, Feet, Inches, & c. Foot by 
It the Foot was the principal Dimenſion of the Parts of the Dividend, ooo eg 
the Diviſor muſt be reduced into Feet, and the Quotient would be aa line! 
Number compoſed of Feet, Inches, Lines, c. | Foot, ex 


For Example, if it was pro- + jr 7 ig | . 5 Phe 8 by 
poſed_ e. divide 6off if] rofl, . 1976 { of 61 GL, ta angle 
by 2f 6I 6L. To reduce the © ll 5 F | 
Diviſor to a Number of Feet, 1443/f NJ { TS 


I multiply the Dividend and Di- 22 


„ 


rer 


5 e | | cxxvII. FS, . | T2 | do 

Let it be propoſed to divide goz72Y YY oY If Air irn by 5 

9037TTT orf al att ar of J. 5 

1807447 YY o 8YTI 21! 24 . * ä | 

Diviſion f 5422321 TT 2 ori err izr 1 

5 3 1 "1472 . . —— — — de 

Targa — | 395% 2 81 6YL - 

Gs Me e 1 8 2 

ver Yards 1233 | | 43 

_—_ 5 - 

8 Yard, ex | 885 ke 

8 <A | | th 
an DX . 

e 1082 „„ TR 1 0 al vi 
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Io make the 2f 61 in the Diviſor diſappear, I multiply the Divi- > 

dend and. Diviſor ſucceſſively by 2 and by 6, and there reſults no 

$42232LYLYL 2LLf oT VI VVL for à prepared Dividend, and th 

137 for a prepared Divifor, r. 1 15 1 

ö As a Number of fquare Yards: and Parts of a ſquare Yard divided Te. 

into 3, and ſubdivided continually into 12 equal Parts, multiplied by a In 

Number of lineal Vards, produce a Number of cubical Yards, cubical it 

Feet, cubical Inches, &c. and that the Extenſion produced by Multipli- it 

cation, is reſolved by Diviſion, it is evident that 542232YYY aYYt MW DÞ 


oYYLI 6YYL; divided by 137Y, will give for Quotient a Number: 2 
of ſquare Yards, ſquare Feet, ſquare Inches, c. 1 


— " 


in the Quotient, and. * 


Inches, by multiplying 
it by 12, and adding to „„ 1 — 


NUM ERAL ARITHMETICK. 
Dividing therefore the Part 542232 VVV, by 137 V, the Quotient 
will be 3957 VV, with a Remainder 123 v Y Y, which L reduce into 


Vard-Vard-Feet, and adding to the Product the 2 M Vf in the Dividend, 


there reſults 331 V Vf, which I divide by 137 V/, and the Quotient will 
be 2Yf, with a Remainder 9) If. Reducmg this Remainder into 
Yard-Yard-Inch, and continuing on the Diviſion, I find the Quotient 
required to be 3957YY 2Yf 8YI, VL. N ow BE 

| CXXx VIII, 


Cet it be propoſed to. divide 2747Y1T VJ ant by . Hen 


The Dividend and Diviſor of a Diviſion, being divided by the fame Kr 
Quantity, the Quotient ariſing from the Diviſion of the new Divi- 


dend, by the new Diviſor, will be the ſame as that of the firſt Divi- 
dend, divided by the firſt Diviſor. 


Now the propoſed. Dividend 
274) VII 1f1 41II, being the Product of 2747Y 1f AI into III, it 
may be divided by 1II, and conſequently reduced to 2747Y ff 41, 


and the Diviſor 721II, being the Product of 11, multiplied by the Diviſion 


abſtract Number 72, may be alſo divided by III, and conſequently of a Num 


Tv 
* 
; +. 4 ' 
. * 
* 
4 
1 


reduced to the abſolute Number 72; whereſore the Quatient of Vard.-Inch- 


the Diviſion will be the ſame, whether the propoſed Dividend be di- lach, Feet- 


vided by the propoſed Diviſor, or the abridged Dividend 2747 kf gl, fat ab- 
be divided by the abridged Diviſor 72; and as this new Dividend and inch Ws: 


Diviſor are more ſimple than the former, they ſhould be employed in Number of 


the Diviſion. 5 ; — : 
10. Dividing 2747.Y : 72 | 832 
by 72, there reſults 2747 If of | ͤñĩñĩ5x: W109. 
38Y for Quotient, with 216 £ 3871 of $1 8L 8. 
a Remainder 111. gs. | 1 05 | . 


29, I reduce the Re- 587 
mainder 11 V into Feet, 576 


by multiplying it by 3, — _ is of 
and adding to it the 15 11 Vor 34f or 4121 N 
in the Dividend, there 3 . 1% 


reſults 34f, which can- Fae 
not be divided by a; l, . 


5 _..g2[ ar 6ag&- + 57 
therefore, ſet down f . 


%ͤ;60 a 


reduce the 34 Feet into 


* 
L 
* 


it the 4 Inches in the 000 


| Dividend, there refults 412 Inches, which divided by 72, gives $I: for 
Quotient, with a Remainder 52J, which being reduced into Eines, ane 
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ELEMENTS 10 


divided by: 5, gives 8L 8“ for the Quotient, and there being no 


Remainder left, the Quotient required will be 38 of 51 8L 8. 


Extraction 
oftheSquare 


Root o 
compound 
Numbers, 


explained by 
an Example 


CXXIX. 


Let it be propoſed to find the Side E a Square, whoſe ſuptrfici af Content 


is 247Y O 2YI 3TL. 


19. I extra& | . of of 
the Square Root 24717 f en 37 L — 
of 24 V, and I 16 . 87 7 i EO | 
find 4Y for the — mr rn rnrnnnemmrnrnrt_ — 
firſt Part of the 8 „ Ar Y 277 877 
Root, with a R- 5 3 . 
mainder 8 Tx.: 5 | —ͤ — 
29, To find the 21 uf a7 4 FD 21f 41 
Number of Feet $5 — - 72 . 
of the Root, I re- 27 177 un 7 377 55 1 
duce this 8BYY ———-——— — +, {POO 
into Yard-Feet, o o o 0 | L 27 11f 211 31 


and adding tothem 
the Vf in the propoſed Number, there reſults 24 Vf, which [ divide by | 


Double of 4Y, or by 8 V, and ſet down the Quotient in the Root, and to 
the right Hand of 8 V; cancelling the 24 Vf that I have no further Occa- 


ſion for, then multi lying 8 V af by 2f, and the Product 5 VV 2f 4 I 
ſubtracted from 8Y Y Of 6 I, leaves 2YY 1Yf 2 VI for a Remain- 
der. Continuing on the Operation, as in the Margin, I fand * 2f 91 


for the Side required of the Square. 
ern. 


Let it be propoſed to find the Side of a Cube, whoſe 2 ce is 
1187TY 21 6YY] 8721 9 2. 


1. Iextrad᷑ | | AY. af. ol 
the Cube Root 1 112 any 6777 Tor gr” A 5 
of 118 YYY, 64/7 | Tied 77 


E in Aton 


of the Cube of the Root, 


and I find aY 8 WH 
for the firſt Part 54 5 , 1 


pores ef with a Remain- 1017 1 ore 77 r Li. 

Numbers, der $4 r . | e 
OT 14%, T6 find 1 ww 8 70571. rr, 

. the Number of 6 


Feet of the | 
Root, I reduce 118777 arty 67 * f Fer Eg 5 

this Remain- Fs e 

der into Vard- EONS: „ 

Vard-Feet, and continuing on the Operation, a as in the Margin, 1 60 


4 af 91 for the Side I * of the Cube. 


find 


| wh 1 wy 
vi H E Comparifen of one Quantity with 2 is called _ at by's 
5 : atio. 


But when two Quantities are compared, it be conſidered how many arithmetical 


in 12, this Number 4 is called the geometrical Ratio of 12 to 3. 
of the ſame Kind can have a Ratio to one another. 
this Ratio or Difference cannot be obtained, but by ſubtraQing the of the ſame Ones, 


| leſſer from the greater; whence the leſſer Quantity ſhould be a Part of 2 
the greater, and conſequently of the ſame Kind with it. © a Ratioto 


is always an abſtra& Number, becauſe. it repreſents a Number of. Times, rhe ts HER 


| ed, contains the other. re | | | Number. 


| that one contains the es ; Tow uy this Number wo Times is found 


* ö * 


NUMERAL ARITHMETICE. u 


CH A. . Wi. -- "the hp? 
of guru, 5 and the princal Rules of Arithmetic which ee thereon. 


wh 8 7 
— — . 'E 
e 
= * BIS, Spe o * 
5 * l 


When two Quantities are AR if it be conſidered 5005 much 


the one is greater than the other, and what is, their Difference; this 


Difference is called their Arithmetical Ratio. For Example, comparing | 3 3 
12 with 3, if it be conſidered how much 12 is greater than 3, or that 2 
3 is exceeded by 12 by 9 Units; thoſe 9 Units which is the Difference ARR 1 


between 12 and 3, or 3 and 12, is the Arithmetical Ratio of 12 to 3. dane 


Times the one is contained in the other, this Number of Times is called Ratio and 
their geometrical Ratio. For Example, comparing 12 with 3, if it be | A en 
conſidered that 12 contains 4 Times 3, or that 3 is contained 4 Times 


From theſe two Definitions of Ratios, it follows that only Quantities 
1. The Aritbmetical Ratio being the Difference of two Quantities, Quantities | 


only have; 


2. The geometricaſ Ratio of two Quantities, being the Number of one another 
Times that one contains the other, ſuppoſes manifeſtly that the lefler i „ | 


Part of the greater, and conſequently of the ſame Species with it. 


3; E. RE 6 . 
The arith 


From: what bende it is alſo eaſy to conclude; that the Wr metical Ru 


2 Ratio of two Quantities is a Quantity of the ſame Species with thoſe tio is of the 


which are compared; becauſe the arithmetical Ratio being the Differ- gere, 


ence of the two Quantities compared, or the Exceſs of the. greateſt he gan 
above the leaſt, is wei a Pare of the omni and is me e ties . 
Rn the ſame Kind with it. . 1 14 20088 


It is not ſo with reſpe& · to the geometrical Ratio. This Ratio ,. 


that is, the Number of Times, that one of the two MOI 222255 is r 1 9 


mb 
- Since the geometrical Ratio of two Quantities is the! Number of Times 


"Is 4 & £ 4 * 5 4 
# * 4 * 


N 1 ————— CeOLEIG Ys PEI RT xpar mg. 
N © 1 * 


So, ELEMENTS OF 


The geome e by dividing one by FA other ; it is manifeſt that the reometrical Ratio 
trical Ratio of two Quantities, is the Quotient” arifing from the Diviſion of one of 


is expreſſed 


by the Quo the Quantities by the other. For Example, the Ratio bin between 
ent of the 12 and 3, is the Quotient of the Diviſion of 12 by 3. 


1 When two Quantities are compared, for Example, 12 and 3, the 
of the Ratio Quantity 12 expreſſed or ſet down the firſt, is called the Antecedent, and 
one by the and the other 3 is called the Conſequent ; if 3 was compared with. 12, 
cher. the Number 3 expreſſed the firſt, is the Antecedent of the Ratio, and 
ile other Number 12 is the Conſequent. | 

Becauſe the geometrical Ratio of two Quantities is the 1 of 


5 the Diviſion of one by the other, the two Terms of a Ratio may be ſet 


down after the Manner cf a FraQtion, that is, the Antecedent may be 


ſet down above a {mall Line, and the Conſequent under it, for Example, 


the Ratio of 12 to 3, may beſet down thus =, which denotes 12 divided 
by 3, or rather the Quotient of 12 divided by 3, and the Ratio of 3 to 


12 1s ſet __ this — which denotes the Tug of 3 divided by 12. | 


IV. 
Two equal Ratios for 8 The Ratio of: 2 to 3, and that of 
4 to 6, form a geometrical Proportion. Whence a geometrical Proportion 
n. 1 of 4 Terms; the firſt of which contains the Second as many 
Rties em Times as the Third contains the Fourth ; or of four Terms, of which 


a'Propor- | the Firſt is contained in the Second, as often as the Third is contained | 


tion. in the Fourth. 


To repreſent a geometrical Proportion, for Example, that, compoſed 
of the two equal Ratios - and 4, the Computiſts ſet it down thus, 
2:3=4:6; which denotes that 2 1s to 3 as 4 is to 6, or that 2 is con- 


4 tained in 3 as 4 is contained in 6. dare 


ne The firſt and fourth Terms of a geometrical Bere dan, are called 


the Extreams, and the ſecond and ow! are called the Mean Terms. 


„„ fourth Term of a 3 proportion is found by multiply- 
Method of ing the third Herm by the Quotient of the ſecond: divided by the firſt, 

To make this appear, we ſhall: diſtifiguiſh two Caſes ; either the firſt 

Term 18 contained in the ſecond, or the ſecond is nie ed ; in the firſt. 


Proportion will be found by multiplyiug the third Term by the Number 
of Times it is contained in the fourth; but from the Nature of Propor- 


ne the Son Nen is ranch in the onus Were dee a: hs 


* # 
EFT: 8 


5 the. firſt Caſe, it is manifeſt that the fourth Term of a geometrical 
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the ſecond Term divided by the firſt 
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NUMERAL ARITHMETICK, 


firſt is contained in the ſecond, and this Number of Times that the firſt 


Term is contained in the ſecond, 1s equal to the Quotient of the ſecond 


Term divided by the firſt; wherefore the fourth Term of a geometrical . 


— 


Proportion is found, by multiplying its third Term by the Quotient of - 


For Example, if a geometrical Pro rtioti begins by thoſe” three 
Terms 2: 3 2 7::, and that the fourth Term is required, I divide the © 


ſecond Term 3 by the firſt Term 2; and there reſults for Quotient the 


2 is contained in the ſecond 3, or that the- third Term 7 is contained in 
the fourth ſought. Whence, by multiplying 7 by z, the Product 
22 or 10 + Will be the fourth Term required, and the whole Proportion 
will be a: 3 = 72: 10/5. | TR . 
In the ſecond Caſe it is manifeſt that the fourth Term of a Proportion 


will be found, by dividing the third Term by the Number of Times that 


the fourth is contained in it. But from the Nature of Proportion, the 


contained in the firſt ; and this Number of Times is equal to the Quo- 


tient of the Diviſion of the firſt Term by the ſecond, Wherefore the Groans of - 


fourth Term of a geometrical Proportion will be obtained, by divid- this Method 


ing the third Term by the Quotient ariſing from the Diviſion of the firſt 
Term by the ſecond, that is by a Fraction, having the firſt Term for 
Numerator, and the ſecond for Denominator. But to divide by a Frac- 


tion, having for Numerator the firſt Term, and for Denominator the 


ſecond Term, is to multiply it by the converſe Fraction, having for 
Numerator the ſecond 'Term, and for Denominator the firſt, and which 
is conſequently the Quotient ariſing from the: Diviſion of the fecond 


Term by the firſt. - Wherefore the fourth Term of a geometrical Pro- 
portion will be obtained by multiplying its third Term by the Quotient 
of the ſecond Term divided by the firſt, as in the firſt Cafe, 


fourth Term is contained in the third as many Times as the ſecond is 


For Example, if a geometrical Proportion begins by thoſe three . . 
Terms 12: 8= 20:, and the fourth Term be required, I divide the firſt - 


Term 12 by the ſecond 8; and there reſults for Quotient the Frac- 
tion F, which will expreſs the Number of Times that the ſecond 
Term 8 is contained in the firſt 12, or that the fourth Term ſought is 
contained in the third 20. Whence, by dividing 20 by , the fourth 

Term required will be obtained. But to divide 20 by the Fraction 7 


is to multiply 20 by the converſe Fraction r. Wherefore, the fourth 
Term of a Proportion, whoſe three firſt Terms are 12: 8 =20 :, will be 


found, by multiplying the third Ferm 20 by the FraQion' , which is 
the Quotient of the ſecond Term divided by the firſt; and this fourth 
Term being 13 x, the whole Proportion will be 12: 8 = 20: 13. 


Fraction 4, which expreſſes the Number of Times that the firſt Term 


0. 
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| To multiply a 8 * a este is to e by wi News: 


The fourth rator of the Fraction, and divide the Product by the Denominator of 


225 the ſame FraQtion ; fince therefore the fourth Term of a Proportion 


found by is found, by multiplying its third Term by a Fraction, having the 


_ multiplying the ſecond: Term for Numerator, and the firſt for: Denominator ; this 


3 fourth Term will be obtained, by multiplying the third by the ſecond, 


together, and by dividing the Product by the firſt Term; that is, the fourth 


te dividins Term will be equal to the Product of the mean Terms of the Propor- 
the firſt tion divided by the firſt Term. | 
erm. For Example, if a geometrical Proportion begins by thoſs- three 
Terms 2: 3 = 7: and the fourth Term be required; the third Term7 
muſt be multiplied by the Fraction 2; that is 7 muſt be multiplied by 3, 
and the Product divided by 2, which will give 77 or 10x for the fourth 
: Term required, whence the Proportion will be 2:3=7: 10K. i 

oþ | : VII. | 
1 If there be three Terms of a geometrical proportion given, for Ex- 
poſition of ample, thoſe three Numbers 2: 3=7:, the third 7 may be put in the 
the mean Place of the ſecond 3, and the ſecond 3 in the Place of the Wd: 7, | 


: Terchs of a thus 2: 7 35 without altering the fourth Term required. 


rig oe — For the fourth Term is equal to the Product of the Means, 6 


| the fourth divided by the firſt, and in thoſe two Arrangements 2: 3 =": 


Term. anda: 7 = 32, the Means being the ſame, as alſo the firſt Term, the 
Quotient of the Diviſion of the Haut of the nen vi this nord Tom: 
will be the fam... | = | 

can bist. bagg®, wid ent, | 
Sie the buut Term of a tel Proporti6n;i for Exemple; of 


u every ge the following 2: 3= 4 : 6, 1s found by multiplying the third Term by 


ene the ſecond, and dividing the Product by the firſt; it follows that the 


tion 
the rodudt Product of the Extreams of a geometrical Proportion is equal to the 


2 Product of the Means of the ſame. Proportion, that is 6X2, and 4X3 are 


Means is 


equal to the equal Products, as will appear when it is obſerved, that the fourth 
Product > Term confidered as the Product of the Means divided by the' firſt Term, 


the Ex being multiplied by the firſt Term, will produce the Product ot the 
Means; ' becauſe the Diviſion of the Product of the Means by the firſt 
Term is deſtroyed by the Multiplication by the firſt T erm. Wherefore 
the Product of the Extreams of a geometrical ge is Fd to ee . 
Product of the Means of the ſame reger | | 
T he Product of the Patrons: of: a geornetriea] Proportion being equal 
to the Product of the Means, if thoſe two Products be divided by an 
extreme or by 4 mean Term, it will appear that each extream Term of 
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poſed in the Proportion is known, th 


Compound Rule of Three direct, and the Compound 


ſought, is called Rule of Three inverſe. 


N U ME RA L ARIT H ME TICK. 5 129 | 


Terms of a 


; a Proportion is equal to the Product of the Means ich by the other Any chree 
Extream, and that each mean Term is equal to the Product of the Ex- Proportion 


treams divided by the other Mean. Wherefore when three Terms of a being given, 
geometrical Proportion are given, and the Order in which they are diſ- 8 
e Term which is wanting in this chat is want 


Proportion may be found. © 
15 3 | "i 14 Sn / 8 3 Faye; Fi; aus Bp 1 221 9 
When three Terms of a geometrical Proportion are given; the Ope- pat it 
ration to be performed to find the Term that is wanting in this Propor- meant by 
tion, is called the Rule of Three; it is alſo called the Rule of Proportion, he . of 
an by ſome Computiſts The Go/den Rule, on account of its great Utility Golden 
in Trade. | - Rule. 


Having ſhewn how the Term which is wanting in 2 Proportion of 


which three Terms are given may be diſcovered ; we ſhall now proceed 


to give ſeveral Examples of this Operation, and to explain how the giv- - 


en Terms are to be conſidered. 
The Computiſts diſtinguiſh two Species of Rules of Three, the Rule of The diffe 


Three direft, and the Rule of Three inverſe, Which are both either Simple rent Species 


or Compound. Whence there are four & 


cies:of Rules of Three; the — Rules of 
Simple Rule of Three direct, and the Simple 


we of Three inverſe, the J 
a of Three inverſe. 5 | = 

The ſimple Rule of Three direct, is that whoſe three given Terms The Simple 
are the three firſt Terms of a geometrical Proportion, The Object Rule of 


therefore of this Rule is to find the fourth Term of a geometrical Pro- "x wh Di 
portion, of which the three firſt Terms are given, „ 


The ſimple Rule of Three inverſe, is that in which three Terms are ue Simple 


given, of which two are the Extreams of a geometrical Proportion, and Rule of 


Three In 


the other a mean Term of the ſame Proportion; ſo that the Object of this verſe, 


Rule is to find a mean Term of a Proportion of which three Terms are 

BO But becauſe the Computiſts do not put the unknown Term 

ought in its Place, but ſet down the three given Numbers one after the 

other, as if thoſe three Numbers were the three firſt Terms of a Propor- 

tion; the laſt. Ratio of the Proportion is inverted, when the unknown 

Term required is really a mean Term of the Proportion; and it is for 

this Reaſon that the Operation to be performed to find the mean Term 

The Compound Rule of Three is that in which more than three Ky Rule 
Terms are given, But all thoſe given Terms may be always reduced of Three 
to three, and the Term ſought is 1 8 the fourth Term, or a Factor of ere eg 


— 


ELEMENTS or 


Mute ' the fourth Term of a Proportion, when the Rule is dire c, and is al- th; 

| li VvVays a mean Term, or a Factor of a mean Term, when the Rule is inverle. to 

XII. an 

| The Simple 1 has been faid that the ObjeQ of a Simple Rule of Three direA, is to fre 

— * find the fourth Term of a geometrical Proportion of which the three it 

rect explain firſt Terms are given. For Example, in this Queſtion, | fir 
ed by an if 37 Pieces of Clotb coft 148 L. what will 30 Pieces of "the fame Cloth be 

Erumple. ort mM 

I] It is manifeſt that the Price of 30 Pieces of Cloth, which is the tal 

Anſwer to this Queſtion, is the fourth Term of a geometrical Proportion, ab 

of which 37 Pieces, 30 Pieces and 148L.- are the three firſt Terms; be- an 

cauſe it is manifeſt that 37 Pieces of Cloth - ſhould contain 30 Pieces of ar. 


the ſame Cloth, as the Price 148 L. of 37 Pieces, contains the Price re- 
. quired of 30 Pieces. | 


The like may be ſaid of this other Queſtion, which i is the Converſe of 


the foregoing one. 
If 148 /. will buy 37 Pieces of Cloth, how many Pieces of Cloth may I buy . 
for 120 {? i 
It is manifeſt that the Number of pieces of Cloth, which is the 
Anſwer to this Queſtion, is the fourth Term of a geometrical Proportion, qu 
of which the three firſt Terms are 148L: 120L. and 37 Pieces of Cloth; of 
| becauſe the two Numbers of Pieces of the ſame Cloth ſhould be propor- in 
5 . to the two Sums 148 L. and 120 L. which is to be paid for them, : ol 
that is, 7 
148 L. tobe aid 10 Pieces of Chth, is to 120 C. to be paid for the en 
Mod 5 17 Pieces "7 the fame Cloth; z 0537 kt Y G, * * tif 
Number of Pieces required of the ſame Clotb. ; * 
XIII. | 
. „ thoſe Rules of Three, that is, to * the fourth ar 
Terms of thoſe two. Proportions, whoſe three firſt Terms are given, | 
we have ſeen, (Art vi.) that the ſecond Term muſt be multiplied | 
by the Third, or the Third by the Second, and that Product divided by fa 
the firſt Term; but, here there occurs a Difficulty which however 18 ſit 
| eaſily ſolved. _ 1 
0 prag tune In the Operation to be performed to find the fourth Forms of the dc 
Terms Proportions propoſed for Ka. we find concrete. Numbers to be is 
pou = * multiplied one by the other, which is contrary to the Rules of Multipli- pu 
Three the Cation, it having been proved that the We is always an abſtra ct 1 ex 
two which Number. * an 
2 But if it be Sea that the two firſt Terms whoſe Units are of ar 


5 cies ie owe the ſame 18 at affect the fourth HAS, but by the Number of Times 


| ſame Species, and form a geometrical Ratio, we were under the Neceſ- 


does not alter the Value of the fourth Term required, (Art. vii) as it 


Are conſidered as abſtract Numbers, = 2 POTTY gs: 
i 2 ni 5 2 8 S | #4 \ 
1 1 8 % Y % WP - . ”, 5 * a » Fs ** x 5 4 * 
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NUMERAL ARITHMETICK, «< wat. 
that one contains the other, ſince to obtain the fourth Term, it ſuffices be convider 
to multiply the third by the Quotient of the ſecond, divided by the firſt, 44g 4150 
and that this Quotient is an abſtra& Number ſimilar to that reſulting bers. 


from the Diviſion of an abſtract Number by another abſtra& Number, 


it will appear, that thoſe two concrete Terms may be conſidered as ab- 
In Effect, ſince 37 Pieces contains 30 Pieces after the ſame Manner 
that 37 abſtract Units contains 30 abſtract Units, and that 148 L.. con- 
tains 120 C. after the ſame Manner that 148 abſtract Units contains 120 
abſtract Units; it is manifeſt that the two Proportions propoſed, as Ex- 
amples may be reduced to the two following, whoſe two firſt Terms 
are abſtract Numbers. A 
371 to 30 as 148 L. to a fourth Term required, 


1 


LI Sr 


And 148 is to 120 as 37 Pieces of Cloth is to a fourth Term required. 
whence of the three Terms given in a Rule of Three, the two which 
are of the ſame Species ſhould be conſidered as abſtrat Numbers, 
. „ RE. 
With Reſpect to the Units of the fourth Term which is the one re- Term re 
quired; it is manifeſt that thoſe Units are of the ſame Species with thoſe gies of a 
of the mean Term which is not conſidered as an abſtract Number; For gers 


in order to find the fourth Term, the concrete mean Term muſt be mul- camespecies | 
tiplied by the other abſtract mean Term, and that Product divided by the wich chat 


; firſt, which is an abſtract Number, and it has been proved that the Na- Vieh i» not 


conſidered 


ture of the Units of a concrete Number is not altered whether it be mul- as an ab 


tiplied or divided by an abſtract Number. | ſtract Num 
From what has been ſaid it appears, that if the three firſt Terms of a Ver. 

Rule of Three be abſtract Numbers, the laſt Term required will be alſo 

an abftra& Number. 8 

; | | F674 N Fopph | | : 257 1113 7 5 221 AT 

In order that the two. firſt Terms of each Proportion might be of tre 


ſity of inverting the Order of the ſecond and third Terms of the Rules of 
Three propoſed as Examples, But it is manifeſt that this-Inverſion _ 


putiſts ſet down the Terms of the Rules of Three, in the Order they are 
expreſſed, even when the two firſt Terms are not of the ſame Speties, 
and in this Caſe: the firſt and third Terms, which are of the ſame Species, 


is therefore unneceſlary for diſcovering the fourth Term, the Com- 


* „* A . 
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e b e Ny Aryl. 21 
PTY TO #4 37 Pieces 207 00 of I 481. awhat will 30 Pieces fo Cath be worth? 7 
Firſt Exm To perform this Rule of Three, I conſider the 1 48 3 
= = e of the - firſt and third Terms as abſtraQ Numbers, C * 
N if the Queſtion had been propoſed thus: 4 4 $4402 Z1, : 
#37 coft 148 L. what will 30 be worth ? 37 12 87 
ultiply therefore 148 L. by 30, which pro- 
duces 4440 /. which I divide by the firſt Term 174 
37, and there reſults 120 f. for the Quotient, or 4 7.4 N = 


for the Value 222858 of the 30 Pieces of Cloth. 


XVII. 


F148 J. will buy 37 Piece of Cloth, Bor _ Pieces 7 the June Cloth 


will 120 l. buy? , 
I: conſider the. firſt and. third 1 


which are of the ſame Species, as abſtract 120 
Numbers, and as if the Queſtion was Pts ere 
poſed thus: -140 
If 148 Units will buy 37 Pieces of Cloth, 35 


Rule of 


Second Ex bow 2. Pieces of the ſame Cloth will] 1 20 Ss 148 
ample of Units Buy? | 4440 Pies] 
. elf the ſecond Term 37 Pieces of 444 30 Pieces 


Three Di- Cloth, by the third 120, which will pro-  —— 


ret. duce 4440 Pieces of Cloth; and I divide 


O 


this Product by the firſt Term 148, which gives 30 Pieces of Cloth, 


? for the Anſwer to the n Queſtion. | 
. 


If al. 135. 4d, 1 20, 67 9d what will. 30, 137. att gain Fc: 


1 . I T conſider the Pounds of the firſt and 20 . 
Third Ex third Terms as abſtract Numbers, and 30 2 


65. 94. 


ample of the their Shillings and Pence as F rations of —— 


| of Thee abſtra& Units; ſo that 13s. 4d. being "G23 1K 15 84 Ir 13 


Direct. the two-thirds of a Pound, I operate as 


if the Queſtion had been propoſed. thus, * 


Mf 7:5 7 7 gain 20l. 60 94. what will. 307 1 1671 n lin 
eee 57 7 77. 


4 | 
" The Quiltion being thus reduced to 


more. fimple Terms, I multiply the ſe- ray 


2 Term 200. 6s. gd. by the third 
30 3, and there reſults 623). 13s. 8d. 23 
for the Product, which I divide by the 
firſt Term 73, and I find 81“ 1s. for 
the Quotient, that is, for the Anſwer to 
the propoſed Queſtion. 


1 
A : Py 


22 


14. or 1617. 
. 
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52 = © Tt often happens that the Shillings and Pence of the firſt and third la what &?“ 
Terms are not eaſily reduced into Fractions; in this Caſe, it will be e gg . 
more ready to reduce thoſe Terms into Pence; for Example, in the Terme of = | 
propoſed Queſtion I might have reduced the firſt Term 72 13s. 49. 2 of 
of. and the third 30 C. 13s. 4 d. into Pence, whereby the two Terms goals be 
| will be transformed into 1840 d. and 7360 d. and the propoſed Queſtion reduced to 

"ito the following: EE db | oO 
Tf 1840 Pence gained 201. 65s. 9d. what will 7360 Pence gain? © tion they 
Conſidering the firſt and third Terms in this Queſtion as abſtract contain. 

Numbers, I multiply the ſecond 20/. 6s. gd. by the third 7360, which 
produces 149684/. and divide this Product by the firſt Term 1840, and 
I find, as before, 8 1 J. 75s. for the Quotient, and for the Anſwer to the 
propoſed Queſtion. e 1 * 
The three firſt Terms of the Proportion might have been reduced 
into Pence, and after the fourth Term was found in Pence, it might 
have been reduced into Pounds and Shillings; but this Method of ope- 
rating occaſions two uſeleſs Reductions _ ; 


| 7 WW | | : 
Since to find the fourth Term of a Rule of Three, the ſecond Term ;,,. co 
muſt be multiplied by the third, and their Product divided by the firſt, Term of a 
and that a Number divided by Unity gives a Quotient equal to this — a 
Number, it is manifeſt, that if Unity be the firſt Term of a Rule of nete | 
oth Three, the fourth Term required will be found by multiplying the ſe- Unit it is | 
ls cCond Term by the third, or the third by the ſecond ; However, it is to 20 e. 
be obſerved, that when the firſt Term is a concrete Unit, it is not to a; \felefs. 
be ſuppreſſed as uſeleſs; becauſe the concrete Unit of the firſt Term 
ſerves to determine the Nature of the Units of the Product of the two 
other Terms, by indicating which of the mean Terms of the Propor- 
tion ſhould be conſidered as an abſtract Number, viz. that which is of 
= the ſame Species with it. For Example, let the two following Rules of 
7 Three be propsſ et. 74 „„ | 
| FI Yard of Silk coft 41. 10s. 6 d. what will 27 Yards coft at that yz, 
22 „„ e 8 0 
75 


VI I. will buy 27 Yards of Galloon, bow many Y ards will 41. 10s. Gd. buy? 


- * Unity — the firſt Term, and the two other given Terms being the 
. ſame in thoſe two Rules of Three, viz. 27 Yards, and 41. 10s. 6d. 
the fourth Terms of each of thoſe Proportions will be found by multi- 
plying 27 Yards by 4/. 10s. 6d. but the fourth Terms of thoſe Rules of 
Three, tho? produced by the Multiplication of the ſame 'Terms, do not 
conſiſt of the ſame Units; | becauſe the firſt and third concrete Terms 


4 1. * 17 


— 
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ru the firſt Rule, conſiſting of Yards, and the ſame Terms of the ſe. 


i - cond Rule conſiſting of Pounds, they are rendered abſtra& Nnmhers by 


92) ſuppreſſing the Denomination of Yards in the firſt Rule, and the Deno- 


= © mination of Pounds in the ſecond. In the firſt Rule therefore the Pro- 


How a Rule 
of Three In 


duct of 27 Yards into 4/. 10s. 6d. is reduced to 41. 10s. 6d. repeat- 


ed 27 Times, which gives 1221. 3s. 6d. for the fourth Term of 
this Rule; but i in the ſecond, the Product of 27 Yards into;4/. 10s. 6d. 


is reduced to 27 Vards re Jeated a Number of Times, expreſſed by 


4 & and 20, or by 4 33, which gives 122 Yards s for the fourth Term 


of this ſecond Rule. Wherefore, when Unity is the firſt Term of a 
Rule of 'Three, and that conſequently the fourth Term is found by mul- 
tiplying the ſecond by the third, the Unity that conſtitutes the firſt Term 
is not to be ſuppreſſed as uſeleſs, ſince it 1s the Species of this Unit 


which determines that of the fourth Term. 


. Whence if it be propoſed to e e a concrete Number by another 
concrete Number; for Example, 27 41. 10s. 6d. Since from the 


Multiplication of thoſe two Numbers hows reſults Products conſiſting of 
Units of different Species, as appears from the foregoing Rules of Three; 


it is manifeſt that the Units of the Product of a ſimilar Multiplication 


cannot be determined, and conſequently the Multiplicand and aalarü- | 


cator of a Multiplication cannot be both concrete Numbers. 
XXI. 
It has been ſaid that a Rule of Three is inverſe, what of the three 


- verſe is per given Terms there are two that are the Extremes of a Proportion, ſo 


formed. 


that Product divided by. the third Term, as will appear by the following 5 
Example. 


Example. 


that the Term required is a mean Term of the ſame Proportion. And 


as the Terms of the Rule of Three are expreſſed one after the other; in 


order to obtain this mean T erm, the firſt Term muſt be multiphed by _ 


the ſecond which in Reality is the fourth T'erm of the Proportion, and 


XX11. 


If 30 Men can do 4 Piece of N. ork in 40 os, bow many Days muſt 10 
Men require to do the ſame Work? 


As 30 Men and 10 Men are to 5 the ſame Work, ſo much more 


Time is required as the Number of Men is leſs; that is, a Number of 


Men twice leſs, would require twice as much Time; à Number ef Men 


three times leſs, would require three times more Time, &c. wherefore 


30, which is the firſt Number of Men, will be to the ſecond 10, as the 
unknown Time, required by the ſecond Number of Men, will be to 
the Time, 40 Days, employed by the firſt Number of Men. 


The Proportion being thus expreſſed, the Time required will be the i. 
third Term ; the Yalue therefore of this Term will be obtained a mul- 


e , e ESSE” 2 7 


_ tiplying into one another the Extremes 30 and 40 Days, and dividing _ 


>. $s, 1 & (3. "V @ ? my 5 09; 2 
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* e Atta r r 
o 
* & Wh vr You HO. * 2 4 
ag * { "2 
* 


- My . 9 
Or — T Ne 2 Tt * * 1 
— 2 W 
1 


11 


NUMERAL ARITHMETICK. 33 


the Produò by the mean Term 10 which is given, that is, the Time re» 
quired will be — X 15 =” 120 Days. b 146 RE $6.4; 


But the two Terms 30 and 40 Days that have been multiplied, are 
the firſt and ſecond Terms of the propoſed Rule of Three Inverſe, whoſe 
three Terms, 30 Men, 40 Days, 10 Men, are ſet down one after the 
other; wherefore the unknown Term of a Rule of Three Inverſe is 
found by multiplying the firſt and ſecond Terms together, and dividing 
the Product by the third Term. : 50 
The foregoing Queſtion, and all others of the ſame Kind, may be ſo 7% 
ſtated, that its Terms will be the three firſt Terms of a geometrical 8 
Proportion, whence we are diſpenſed from conſidering two Species of performing 
Rules of Three. The Rule for placing the Terms is as follows; firſt « fingle 
ſet down the Quantity that is of the ſame Kind with the Quantity „ 


ſought, then conſider, from the Nature of the Queſtion, whether that cher dire 


which is given is greater or leſs than that which is fought; if it is or inverſe. 

greater, then place the greateſt of the other two Quantities on the left 

Hand; but if it is leſs, place the leaſt of the other two Quantities on 

the left Hand, and the other on the right: Then ſhall the Terms be 

in due Order, as will appear by the following Example. 

Va Penny white Loaf ought is weigh 8 Ounces, Troy Weight, when © 177 

Wheat is ſold for 6s. 6d. the Buſhel, what muſt it weigh when Wheat is ſold Example. 

for 4s. the Buſbel? HTS | eel 5 | . 
Becauſe it is a. Number of Ounces that is ſought, 4 : 802. 2 64 

I firſt ſet down 8, the Number of Ounces that are 6+ 


? 


given; I eaſily ſee that the Number that is given 
is leſs than the Number that is ſought, therefore! 48 


place 4 on the left Hand, and 64 on the right, and 


ſay 4: 802. = 64: , or 13% conſequently | 0 5 
SL... * 


03 X A or 13 ez. is the Anſwer. required to the = 
propoſed Queſtion, „ 


| EIT | XXIV, | | | 

A compound Rule of Three is when the Queſtion propoſed contains 
more than three known Quantities ; and though it conſiſts of more than 
three Terms, it is ſtill cated Rule of Three, becauſe it may be reduced 
to a Rule of three Terms reſulting from. the Multiplication of thoſe en- 


-& 
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— mms OF: . 
7 To reduce a compound Rule of Three to three Terms, the Com- 
| of Three is putiſts conſider it as conſiſting of two Cauſes, and of two Effects; ſet 


reduced to down under one another all the Terms which relate to the. firſt Cauſe ; 


3 they alſo ſet down under one another all thoſe that compoſe the firſt 


Three. 
| cond Cauſe, as alſo thoſe which compoſe the ſecond Effect: Obſerving 

to diſpoſe alternatively the Cauſes and their Effects, and to begin by the 
_ firſt Cauſe, or by the firſt Effect, according as the Term ſought belongs 
to the ſecond Effe&, or to the ſecond Cauſe. They afterwards multi- 
ply together all the Quantities that compoſe each Term, whence re- 


ſults a ſimple Rule of Three, whoſe three firſt Terms are known Quan- 


ities, ſo that the fourth Term may be found (Art. x111.) . 

But after the Terms of the compound Rule of Three are thus redu- 
ced, there may happen two Caſes; either the Quantity ſought will be 
the fourth Term of the Proportion, or only a Factor of this fourth Term. 
In the firſt Caſe, the Reſolution of the Rule of Three (Art, x11.) will 
manifeſtly give the Quantity required. In the ſecond Caſe, when the 
fourth Term is found, it muſt be divided by the given Factors that enter 


into its Compoſition, to obtain the Quantity required, All which will 


be explained in the following Examples. 
N | XXV. e 


If 20 Perſons ſpend 99 . in 15 Days, how much will 60 Perſons ſpend 


in 25 Days? | | 
In this Queſtion there are five Terms given to find a ſixth Term, 
| The forego Which is the unknown Expence of 60 Perſons in 25 Days. Of thoſe ſix 


ing Method Terms, there are two (20 Perſons and 15 Days) which are the Cauſe of a 


explained firſt Effect, or of the firſt Expence 99). and two others (60 Perſons and 


5 . 25 Days) which are the Cauſe of a ſecond Effect, or of a ſecond un- 
known Expence. I therefore ſet down under one another, for a firſt 


Term, 20 Perſons and 15 Days which compoſe the firſt Cauſe; I then 
ſet down for a ſecond Term the firſt Effect 991. I afterwards ſet down 
under one another, for a third Term, the two Quantities 60 Perſons 


Md 25 Days which compoſe the ſecond Cauſe, and the fourth Term 


will be the unknown Expence of 60 Perſons in 25 Days. 5 
1 Cauſe 1ſt Efer. 24 Cauſe, 2d Effet. 


20 Ferions? 50 Pertons. 7 NN | 
I Daw 5 99% | e marry J Unknown, 


Y As the Cauſes are proportional to their Effects, thoſe four Terms, of 
which the laſt is unknown, compoſe a geometrical Proportion; whence 


f, 


Fffect; they diſpoſe in like Manner the Terms which belong to the ſe- 


ence 
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the — Term unknown, viz. the Expence of 60 Perſons in 25 Days, 


will be found by multiplying the ad Term Ws * a and e 
ing che Product by the firſt. 


But before this Rule of Threv's can be performed; we uſd find what 


the firſt and third Terms of the Proportion are reduced to. To this 
End I obſerve that 20 Perſons will ſpend in 15 Days as much as 15 times 
20 Perſons in a Day; and that 60 Perſons will ſpend in 25 Days as 
much as 25 times 60 Perſons. in a Day: So that the firſt and third 
Terms are reduced to thoſe two Products, 15 times 20 'Perfons, and 1 5 


times 60 Perſons; wherefore the r Queſtion Will by folved' by .. 
this Rule of Three, 


If 15 times 20 Perſons ſpend 991, how ich will 25 times 60 . a 


ſpend ? 
'The Rule being thus reduced, the Cowen Term required will be found 
to be 4950. that is, the Expence of 60. pg in 25 . Th | 
PTL + bd : 
/ 1 5 ſoend 730 in 15 Days, in chews many Days will 60 2 
pend 495 


20 Perſons and of 15 Days, and the Cauſe of the ſecond Expence 495 /. 
is compoſed of 60 Perſons and of a certain unknown Number of Days. 


— 


* » 
as os 
- 8 - 


In this Example, the Cauſe of the firſt Expence 99]. is cettipoſed: of Sccond Bx 
the com 
pound Rule 


The unknown Number of Days ſought being in the Cauſe of the ſe. of 8 


cond Expence, this Number of Days cannot be found in the fourth 
Term of the Proportion, except the Cauſe of the Expence be ſet down 


after the Effect; whence, 1 15 e this given Terms 00 the Queſtion, . 
as follows : 2 | | 


1 % 
#7 


| 10 22 1 _2d 22 228 Kt 0 opt ; 
Wn 7758 1 50 Fae $ 
7 20 Perſons. 7 
4 991. F is Days. 4951. TE — Da Number 
0 35 Days TE — * OY — 


As the two 8 which 4 . 3 Term ſhould ; 


be multiplied one by the other, and that the fourth Term is compound- 


ed of 60 Perſons, and of the Number of Days required; this fourth 


Term muſt be inveſtigated, and, when found, divided by, 50 to obtain 


| 111 unknown Number of Days required. * 


To diſcover this fourth Term, confider all the.other Ferne except 


15 Days, as abſtra& Numbers; and after having multiplied x s Days 
T ravieiply this on 


by 555 which ä 300 Days wo the ſecond yu 


. 


438 K ELEMENTS. or 
| ſecond Term Days by the third 495, and there refutts 148500 Days 


for the Product. In wg this Product being divided by the firſt Term 


99, I find 1500 Days for the Quotient, and for the fourth Term of the 
Proportion; and as this Number 1 wy oo Days is made up of the required 
Number of Days multiplied by 60, I di 
aten. 25 Days for the Number of Days e eee e 
EI Vil: - 2 
ma. WW; 60 Men, Suni 8 Rar a Day, can dig in 12 Dur a | Diteb 60 Yards 
l I, 5 Feet broad, and 7. Feet deep; what: will be the Length of 4 Ditch 4 


ample of 


the com Peet broad and 6 Feet deep, that 50 Men will dig in 15 Days in the fame 
. Soil, working 6 Hours a Day? 

nt. - oY It is manifeſt that 60 Men, 12 . during which they work, 

pd 8 Hours they are employed each Day, compoſe by their Multiplica- 

tion the Cauſe of the firſt Ditch ; becauſe 60 Men will do 12 times 

more Work in 12 Days than they. would do in one Day, 60 Men ſhould 

be multiplied by 12; and as they would perform 8 times more Work 

by working 8 Hours a Day, than they would perform by working 

1 Hour a Day; the firſt Product of 60 Men multiplied by 12 ſhould be 

again multiplied by 8. 
22. The Ditch 60 Yards long, 5 Feet broad, and: 7 Feet dong; being 


conſidered as a Parallelepiped, is an Effect compounded. of thoſe. three 


155 2 Ringen, 60 Vards, 5 Feet, and 7 Feet. 
39. Fifty Men, 15 Days, during which they work, dad 6 . wy 
| are employed each Day, compoſe by their Muliplication the Cauſe of 


the 6 ſecond Ditch. _ _ 
4“. In fine, the ſecond Ditch, compoſed of the Multiplication of its 


unknown Length by its Breadth and by its Depth, is the Effect of the 

ſecond Cauſe. 
I therefore diſpoſe under one nn the 13 fs each Cauſe ; T I 

range likewiſe under one another the Factors of each Effect, as follows. 


rſt. Cauſe, - ft, Ehle. b a; Effe. 
| 350 Men : Length required. 
| * Days 1 are | y 
i lh > 5-01 Hours. 10 


IT 36336 % | Ne 
1 ERASER, — 4 . the Fadlos of uy thiee firſt . 
eee all thoſe Factors as abſtract Numbers, except that, 60 Yards 
of the firſt Effect, in order to obtain. the Length of the Ditch in Yards ; 


ah L r the n 2 em nee 4180 K Wm the third. Tem 


vide 1500 Days by 157 _ there 


the Product 4 X 6, or 24 of its Breadth and Depth; wherefore dividing . 


and the third Workman will dig Fx of the Ditch' alſo in 1 Day , Where- the com 


7x5 or z, that 1 is, the three Workmen together will dig 8 of the Ditch | 
in a Day. 


they will perform, the Quantities of Work will be direQly proportional 0 
to the Times in which they are performed ; 5 Wherefore — the » ; 2 
Du for Unity, I ſay, 1 


VMaoritmen will employ to dig the whole Diteh. 


require to dig the Ditch, I multiply the third Term 1 Day by the ſecond — 2 bl 
1' repreſenting the Ditch, which will produce 1 Day, and divide this 1 
Product 1 Day by the firſt Term, that is, by the FraQtion 4, or multi- 


<p Rule of Three Inverſe, except that the given Terms of the latter +7 "Gorges 
are ſimple, and thoſe of the former ariſe. from the Multiplication of ſeve- 1 C 
ral others; as will appear by the following Example. © ©  plainedby 


Hours a Day, in bow many Days will 10 Men finiſh the Jang Piece of Werk, 
when they work 6 Hours each Day? 


* 


NUMERAL ARITHMETICK. | jg W 


reduced 4500, which produces 94 50000, aud dividing this Polk by th — f 


firſt Term reduced 5760, there reſults 1640 1 if 101 6LD for the befor Fe . 
Term. But this fourth Term is the Length of the Ditch multiplied into © +. 4 2b 


1640 V if 101 6L by 24, Foes gate en link 1 ul, J far the 1 


Length: men of the Ditch. | 4 | . 2 

e eee, e = 

' Three Men are employed to make a Ditch ; 105 fp copy Fr the Ditch : - "3 
in 11 Days, the ſecond in 22 Days, and tbe third in 33 Days; it is lie coking WE... 


in what T ime thoſe three Men together would make the Ditch 5 

Here it is plain that the firſt Workman will dig the 1 of: the Ditch Fourth Ex 
in 1 Day, the ſecond Workman will dig 22 of the ſame Ditch in 1 Day, ample of 
fore the three Workmen will dig , 2 and of the Ditch in a Day; bf Three 
adding together thoſe three Fractions, or Parts of the Ditch, after hav- direct. 
ing reduced them to the ſame Denominator, I find their Sum to be 


As thoſe Workmen the longer they are employed the more Work... 


As 3 of the Ditch is to 1 which r evroſents the wht Ditch; - fois 1 Dis: + 7 4 1 
Time employed to dig ; of the Ditch, 10 the Number of Days that the three © _ 


Wherefore to find the Number of Days that the three Wekinen will 


ply it by 6, Re will FOR. 6 Days for the Ti ime required. 


r 9 
The Comvpoutid Rule * Three Inverſe does not differ from the am- The Com 1 


Tf 30 Men can finiſh a Piece of Work in 40 Days, when they. work 8 W . 


As the 30 Men and the 10 Men are to do the ſame Piece of Work, i 


1 
4 


e 5 OR OY , * Time in ee as their Number, i s not 
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lefs, and the Number of Hours they ock euch; ben is leſs 3 'whence 
there reſslts the following Proportion. 81 at+: 
As 30 Men working 8 Hours, are to 10 Men Wee 6 Hane 3 l is 1085 | 
| je Phot Number of Days ned by . 10 . fo ihe 40 Days employed by 
tbe 30 Men. 
fi he firſt Term of this Proportion i is ase to 8 times 30 Men, or 
to 240 Men, and the ſecond is reduced to 6 times 10 Men, or to 60 
Men; becauſe 30 Men working 8 Hours, perform the ſame Work that 
8 times 30 Men working 1 Hour; and that 10 Men working 6 Hours, 
perform the ſame Work that 6 times 10 Men working 1 Hour; whence 
the Proportion is reduced to the following one. 
240 Men, are to 60 Men; as the unknown Number of Days, 1 40 Dayr. 
Wphence the Number of Days required will be obtained by multiply- 
ing 40 Days by 240, and dividing the Product 9600 by 60; which 0 
160 Days | for the Anſwer tor the propoſed: Queſtion. 85 
| „ > © SETS 
Direct Me! Any Queſtion that falls under the compound Rule of Three inverſe 
thod of foly may be ſolved, by conſidering in it two Cauſes and two Effects, and 
ing Quel comparing dire ly the Cauſes with their Effects. 


tions in the 


compound |.; Int the propoſed Queſtion: — / 30 Men, working right Hears each 
Rule of Day, can — a Piece of Work in 40 Days; in how many Days will 10 Men 
be yg 2 do the : ſame Piece of Work, when they work 6 Hours each Day? © 

It is eaſy to obſerve that 30 Men, 8 Hours, and 40 Days, compoſe by 

their Multiplication the firſt Cauſe of the Piece of Work ; and that 10 

Men, 6 Hours, and the Number of Days fought, compole alſo. by their 

Multiplication the Cauſe of the fame Work which thoſe 10 Men ſhould 
perform. Now the two Effects, or the two Pieces of Work being 

equal, their Cauſes are equal; wherefore all the Numbers given being 
conſidered: as abſtract Numbers, except that of the Days, 30X8X4o Days, 

or 9600 Days, are equal te 10 times 6, or 60 times, the Number of 

Days fought ; whence the ſixtieth Part of 9600 Days, that is, 160 

8 Nan will be the Number of b 5 - Wherefore when all the 


, 7 . xxx Tart | 
af Ep | When it is 1 to join ſeveral Aae in the Rule of 7 
Conjune into one, and by the Relation that the ſeveral Antecedents have to their 
 Gonfequents, to diſcover the Proportion between the firſt Antecedent 


tion. 


- * . 4 | 


"NUMERAL ARITHME Te, 4, 


ence TN. and the laſt Conſequent, this Operation is called the Rule ; Confunc- E . . * 2 
nd tion. Fa ,, oy EL WS 
s the Joo perform a Ruſe of Conjunction, the Computiſts range the Ante- 7, | {© 


ed by  eedents in the left Hand Column, and the Conſequents in the right © © + 


5 Hand one; fo that the firſt Antecedent and laſt Conſequent, whoſe Än- 
* or tecedent is fought, ig of the ſame Species, as alſo the ſecond Conſe quent 
* and third Antecedent : This Order being continued throughout tgjùe 
that whole. They then divide the Product ariſing from the Multiplication 00 
ours, all the Conſequents into one another, by the Product of all the Antec: 
ence dents multiplied into one another, and the Quotient reſulting from this 1 
3 Diviſion gives the Antecedent required, as will appear by the following - 
Days. Examples. J n . 1 
iply- | | XXXIL. - V 
gives  * + | Suppoſe 1001. of Venice weighs Jolb. of Lyons,” and 120ʃb. of 'Lyons x00lb. _ Bo 
5 of Rouen, and 80lb. of Rouen 1001b. of Toulouſe, and 100lb. of Toulouſe 7 45. | Wy, 
$65 of Geneva, how many Pounds of Geneva voill eguiponderate 100lb.:of Venice ? - 
verle FI Let the Pound 5. 9 % :. ted ere: 
and Weight of Venice 100 of Venice 
be expreſſed by 1V, 120 of Lyons 


A 


| 70 of Lyons. bY lication 
100 of Rouen. | of the Rule 
100 ef Toulouſe,” 2 Conjunc 


Il ll. 


each 


7 Men 
ſe by 


at 10 
their 


hould 


being 
being 
Days, 
er of 
, 160 
l the 


» two 


wing 
>aule, 
en in 


ortion 
their 


edent 


that of Rouen by iR, 100 of Toulouſe 


that of Lyons by 1L, 80 of Rouen kee 
that of Toulouſe by How many of Geneva 
1 T, that of Gene- _ 70X1o00X1v0X74X100 
va by 1G, becauſe rooX1i20X80X1io0_ 
 100X1 V = JOXIL, Oy 1 . 
.120x1L.=100X1IR, 80X1R=100X1 T,100x1'T=74X1G,it follows, that 
IV: 1iL=70:100,1L: 1R=100: 120, IR: 1T=100: 80, 1T :1G=74 7 100. 

| Wherefore multiplying in order all the Antecedents by the Antece- 
dents, and the Conſequents by the Conſequents, . 


100 of Venice. 


- * 


1 


rr 


IXXILXIRX IT ox oo tt „ich - red. 
ILXI RXITXIG © 100Xi20X80X100? WOO ” redu Rs 
„„ l R745, GT i 356 e 
N Whence 


conſequently 


iV :1G = 259: 480, which denotes that the Pound Weight of 
Venice is to the Pound Weight of Geneva as 259 is to 480, or that | 
the Pound Weight of Venice is only the £52 Parts of the Pound Weight 

of Geneva. I now ſay, if a Pound Weight of Venice is reduced to 

258 of a Pound Weight of Geneva, what will 100 16. of Venice be re- 


duced to? or 1: 532 = 100 . = 33 24 . that is 53 24 U 


| | © 
will equiponderate 100 /þ. of Venice, 


74 of Geneva. Example. 


12X80 © 6X80 © 480 AHH 
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e | os 1 LY | | 
We 1 Frunch . 155 muvalent to 80 Pence of Holland, 41 's 5 if Hul 
2 0 240 6 row ep 240 Pence Engliſh to 420 Pence of Hambourg, 

e Hambourg to 1 Florin. of Tn, Tow _— Florins of Frank- 


7 are equal to 166 French Crowns ? 


Another 
Example. 


Holland by 1H, that 64 Pence of Hams; 
of England by 1A, How many F. of Frank. 


Crown be expreſſed 415 Pence of Hol. 


Let the French 1 French Crown 80 Pence of Hd. 
240 Pence Engl. 
420 Pence of Ham. 


1 Flogjn of Frank. 


n e 166 French Crowns. 
art | | .B X 66 - 
by th, the Florin of * = oy 210 F. of Frank. 


by IF, the Penny of 240 Pence Engliſh _ 


| h I 1 [ 


Frankfor: by rf, then, 
1F+1H=80: 1, 1H: 1A 2240 416, 1A: th= =420 1 240 1h: if=r : 64, 


hence 


1FXiHX1AXth__ _80X2 0X420 or if — 80X420 __8X10X105X4 
*1HX1AXtbXif 415X240X64 if  415X64 415X8X4X2 


a 2999 = 55 Whence 1 F; uf = Tos : 83, and conſequently 


1 1FX83 = If X 105, that is, 83 French Crowns are equivalent to 105 
PFlorins of Frankfort; I now ſay, if 83 French Crowns are equivalent 
0 105 Florins of Frankfort, what will 166 French Crowns be equiva- 


2909 = 


lent to, or 83: 105 = 166 : 2 = 210, that is, 210 Florins of 


Frankfort are equivalent to 166 5 rench Crowns. 


Varieties in 


Proportion. 


* 


XXXIV. 
{Having fully explained the different Rules of Petition” it remains 
to ſhew their Uſe in the common Affairs of Life and Commerce, which, 


| or greater Peripicuity, the Computiſts range under diſtinẽt Heads, 


4” REKIV. | | 
Itvereſt 1 is an Allowance made by the Borrower to the n for ihe |; 


Loan of Money, or any other Goods. In Queſtions relating to Intereſt 


1 to 
which the 
Queſtions 
in Intereſt. 
relate, 


there are four Things conſidered. - 10. The Sum lent, which is called 


the Principal. 20. The common Standard at which the Intereſt is fix- 
ed, which by common Conſent is at ſo much for the Forbearance of 1007. 
for 1 Year, and is called the Rate. 39. The Time during which the 


Principal is lent out. - :4*.. The Amount of the Principal and Intereſt at 


the Expiration of the ſtipulated Time, which is ſimply called the 


Amount. Any three of theſe Things being given, we ſhall ſhew how 


RO other cant ily be found by the mnie * n 


+ DRY weren „ _—_ 
f.. > OV EE WO} "PR 
J. ²˙¹—w¹ DOT Let 7s fe Re 


to the whole Intereſt, ſo is 100. to the Rate per Cent. required. 


NUMERAL ARTTHMETICK. 


xXEVI. 
enen * The Principal, Rate, and Time being given, to find. the Fram the, iy 


| Literal; Multiply the Principal by the Rate, and that Product by. the R 0. ineipal,.. * 
Time, the laſt Product divided by 100 is the Nan as will Tire, ; 


appear by the following Example. Intereſt. 
Let the Intereſt, for Example, of 4261, 95 94 Jent out at 4 7 per Cent. * 
for 6 8 Years be required. 
To ſolve this Queſtion I fay, if tool. in 1 Year gives 43l. what will” 
4261. 55. gd. give in 63 Years? wherefore by the compound Rule 905 
e [OOXI. ; 434. 426, 2875 & : Þ 1291, 9: Ag f x 
an ee 
e II. The Amount, Rate, and Time being given, to find the Amount, 
Principal Say, as the Amount of 100% at the Rate and Time given, 1 Nate, and 


7 


is to 7000. ſo is the given Amount to the Principal required, OD OL . 
Let it be required to find what Sum in ready Money is . erg” to: Principal; 
3998“. 125. 10 4 d. due 3 Tears and 145 Days hence. Example. 


To ſolve this Queſtion, I firſt find the Amount of 1000. in 3 LVears 


and 145 Days, at 3 per Cent. per Annum, ſaying 1: 3,4 = 3. : N 10, 21. 


and adding 10,2. to lool. I ſay 110, 2: 10023998, 64271. : N 36285 53339. 


XXXVILL. 


Cs III. The e Principal, and Time bels given, to find From the 
the Rate of Intereſt. Say, as the Principal multiplied by the Time, is enter, 


Let it be required. fo find at what Rate of Intereſt will Zool. become 3 
5371. 105. in 1 Tear and 6 Montbs? -- And the 


To ſolve this Queſtion, I ſay if 5000. in Vear and 6 Months gives tereſt 


| 37). Tos. what will Tool. in 1 Year give, whence , 


oc, 100 = 370. 10s. : * 2 1 h 7 ___ Example, 

xxxIxX. f Ig | 

Casz IV. The Principal, Amount, and Rate of Innes; ding — 

92. to find the Time. Say, as the Intereſt of the Principal for 1 e e 
ear at the given Rate is to 1 Year, ſo is the whole intereſt, to the 5a 


- 


| Ti ime required. 1 f 


Let it be reguired to find in what Time oo. .avil] Saales 5 3 1 10, at 12 # 
5, per Cent. per Annum ? | Ta. 
To. ſolve this Queſtion, I ſay 17 1000. in 1 Year gives. 51. in bat K 


Time will $00J. give 371. 10s. whence 5 : T00X1Y = 375 N ο/ẽ) ; = 


wherefore . Time required * n he os oh 1 Year nd, 4 


| N * 4 #% 
Months. „ | 
$8 0 3 


a 1 89 
* 6 


— 


. 
U "7 
| 
8B 
! 
N x: 
3 
4 =. 
1 
ol 
x. 
£ 
1 
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— — - - *_ 
* — — 4 —— eee ee end — WO COIs. an CO EL EITENEY 
” ar - Y 1 
* » 3 
7 © 
- 


ELEMENTS OF 


XL. : 


Tbiag e , Diſcount is an Allowance made for the Paying of Money before it 


8 Fails due. 


in Diſcount In Queſtions relative to Diſcount there are four 'Things to be conſi- | 
relate. dered. 19; The Sum due. 29. The Rate per Cent. per Annum of 'the 


Diſcount. 30. The Time that the Payment is anticipated. 4“. The 
preſent Worth. Any three of theſe Things being given, the fourth will 
be found by the Rules of Proportion. = „ | 

N . OT . 
. Cast I. The Sum due, Rate and Time being given, to find the 
Sum due, Preſent Worth. Say, as the Amount of fool. at the Rate and Time 


Rate and given, is to 1000. ſo is the Sum due to its preſent Worth; becauſe the 


iy pag preſent Worth is the Principal which laid out at Intereſt at the given 


W Rate of the Diſcount, as long as the Sum is paid before it is due, will 


ortb. amount to the Debt. | | 
A Bill, for Example, of 2000l. which bas 17 Months to run, is preſented 


Example. +, the Bank to be diſ counted, Intereſt at 5 per Cent. bow much Money is the 


Felder to receive? 1 V 
Jo ſolve this Queſtion, I find the Amount of 100. for 17 Months, which 


Ml 1 J 3 181 
is =1 and adding it to 100), I ſay _ i008 2000 J. | N 1867. 257. | 


Wy | 8 | | a0” wot 
A young Genileman going to travel, depoſits with a Banker 1 500l. who fur- 
+  "niſbes bim with Bills 3 Exchange to the Amount of that Sum, on Condition of 


>> Ws. - 


KY 7s 4 op 9 FE TS. * 4 5 ES. 58 1 5 
Io ſolve this Queſtion, I ſay, if 103). are reduced to 1001. what will 


1500), be reduced to? Whence 103: 100 =-1500). : 1456. 6s. 2d. 2, 


which is the Value required of the Bills. 
i : VF 3 . 
Cask II. The Sum due, preſent Worth and Rate of Intereſt being 


OE” 2s given, to find the Time. Say, as the Intereſt of the preſent Worth for 


Sum due, 1 Vear at the given Rate is to 1 Year, fo is the whole Diſcount to the 


eſent- Time required. 
orth and 4 | 


Nau ges, A4 Gentleman who contrafied a Debt of 1344). that becomes due 6 certain 
to find the Time bence, diſcharges it by paying 1200). in ready Money; bow many Years 
oe 4% be anticipate the Payment, ſuppoſing the Diſcount to be 3 per Cent, per 


Example. Annum#  _. 


7 


- To, ſolve: this Queſtion I Tay, if 100). in 1 Year produces 3. in what 


Time would 1200]. produte 1441. whence 3: 100X1Y = 144: XX1200 z- 
equa] 4, or 4 | 


| Wherefore the Time required x equal 100 & 7120 1 30 


Years. | 


Dl paying 3 per Cent. of the Money be ſball receive. The Value of the Bulls : 


SIT 
FE 


1 „ - 


| * the following Proportion: As 11216. is to the Difference betwixt the duciogthe- © 


Ry 3 9 4 8 2 Gy e N Ta 144 6h; 0 F J ; g j . : ; 
* X35 0 7 n 5 * * * Ss 2 "5 # * : & : 4 "uh $3 3. Ws. 
7 » 3 1 * 7 , 2 3s ; I 
- £3 1 2 ; £ 3 
- x £ ; l FL Is - Nd + N 
LE ? | A LE e 
4 2 29 989 e WER” 2 
4 % þ 2 : PM # Y 4 2 N 7 7% j 
: 4288; P 
1 3 KK CASE RS 
: : - : F# > EB IM 
: * 1" Y 4 3 7 2 J 
* ; > FEBS * = 
” * 5 2 
o Y 


e 5 .. 
5 Clin mm; The Sum due, preſent Worth and Time bla e, to „EE + 
find the Rate of Diſcount. Say, as the preſent Worth multiplied by the n £2 
Time i is to the whole Diſcount, ſo is 2 to the Rate per Cent. arch ne 


4 Gentleman who contracled a Debt of 20001. payable in two Years, dif- Lap ui prove '- 8 
charges it at the End of 7 Months by paying 1867 +35 1. ready Money, what Rath. F 

was the Rate Per Cent. per Aue of the Diſcount ? B 5. per Cent. 29h, 4 
”""WLV.. MY ro ET o 1 

In weighing ſevergl dbb ce, the Weight of the Puckige | is in- Wh  . 


| duded j in the Weight of the Goods, and the whole upon that Account meant by 


is called groſs Weight; the Allowance for which is regulated either by ls L 1 oC 
_. Cuſtom, or by ſome expreſs Stipulation between the 1 2 and 19 8 e 1 
and goes under the following Denominations. ITS 5 : 


"19, Tare, which is an Allowance for the Weight of the Caſk, Cheft;. 5 233 
Box, Ec. in which the Goods are packed, allowed to be either fo much: „„ „ 


per Bag, Barrel, Cheſt, &c. or ſo much per Cui. yy £7 .. 
20. Tret, which i is an Allowance for Duſt contracted b keeping Waſte 1 . 28 
by Freight, Carriage, &c. When a Deduction is made for the Allowance . „„ 


of Tare frem the groſs Weight, the Remainder is called Nett, unleſs. 
Fret is likewife allowed, and then it is called Subtle, out of which the 
T ret is deduQted, and the taſt Remainder is called nett Weight. ES 
* Ke „ | 
When the Mlowinge | is made at ſo much per Cwrt. the Nett is found y Wale 7 as. 


iven Tare or Tret, and 11205. ſo is the given Groſs to the Nett G ia Tare. 

What is the Net of 4 10Cwt. 2qrs. 12/6, at 20 per Cwt.? . 

To ſolve this Queſtion, I ſubtract 20 from 112, the Aae is 92, 
and then ſay, if 712056. is reduced to 92/6. what will 4roCwe. 24rs; "or 
be reduced to? & 337Cwt. 19r.-4/b. . 

When Tare an 'Tret are both dllowed, to find: the Nett. Say, as Rule for de 
I12X112 is to the Product of the Di@reace betwixt the given Tare, ducting _ 
and 112 multiplied into the Difference of the siven Fret 8d 112, ſon 2000 26d _ 
the given Groſs to the Nett required. . . 1 

Tare being allowed at 4b. to 11216. and Tret at abs to. 1 12], what is —— Ir 
the nett Weight in 8716. groſs. ? „ TY „ 

Jo ſolve this Queſtion, I ſay as 11205. is to 10805. (viz. 112 leſs 4) 
ſo is 8 75. td the Subtle.” I then ſay, as 11215: to'1071b.-(viz. 112 leſs 5) | „ 
ſo is the Subtle to the Nett. Multiplying therefore the Antecedents 1 
of the Ratios of thoſe two Proportions together, as alſo their Conſequents 135 3 
together, 112 K 112: 108 X 10% 2 87 XK Subtle 7 hy e Hat 3 . 
_ 112 X 112 108 X. 107 = 2 87 3 te ö e th <P 


T0 #0  *WDEKMENTS OF * 
Thiede Diſcount is an Allowance made for the Paying of Money before it 


in Diſcouat In Queſtions relative to Diſcount there are four Things to be conſi- 


relate. dered. 19%, The Sum due. 29. The Rate per Cent. per Annum of the 
Diſcount. 39. The Time that the Payment is anticipated. 4“. The 
preſent Worth. Any three of theſe Things being given, the fourth will 


be found by the Rules of Proportion. 
1 l | > 4 ; 


W => preſent Worth. Say, as the Amount of fool. at the Rate and Time 


Rate and given, is to 1000. ſo is the Sum due to its preſent Worth; becauſe the. 
preſent Worth is the Principal which laid out at Intereſt at the given 


Time given 
preſent Rate of the Diſcount, as long as the Sum is paid before it is due, will 
Morth. amount to the Debt, „ 0 Cote a 5 5 

| A Bill, for Example, of 2000l. which bas 17 Months to run, is preſented 
Example. fg the Bank to be di counted, Intereſt at 5 per Cent. bow much Money is the 
HFolder to receive? | 1 „ ART 0" bo 
Jo ſolve this Queſtion, I find the Amount of 1060], for 17 Months, which 


1 ff Has 1 | 1186 Wad-] 
32 20 and adding it to 100. I ſay —; I0o = 2000 J.: e ont, 


= bs 45 A . 
A young Gentleman going to travel, depoſits with a Banker 1500). who fur- 


n £ ; niſbet bim with Bills of Exchange to the Amount of that Sum, on Condition of 
Dit paying 3 per Cent. of the Money be ſball receive. The Value of the Bulls 


| l 1 2 | . 
I 0b ſolve this Queſtion, I ſay, if 103). are reduced to 1000. what will 


1500), be reduced to? Whence 103: 100 =-I500). : 1456“. 6s. 2d. 25 


Which is the Value required of the Bills. 
22 | XLIII. 


. Cask II. The Sum due, preſent Worth and Rate of Intereſt being 
From the Siven, to find the Time, Say, as the Intereſt of the preſent Worth for 


Sum due, 1 Year at the given Rate is to 1 Year, fo is the whole Diſcount to the 


preſent y {4 . 0 8 
Worth and Time required 


Rae ren, A Gentleman who contrafled a Debt of 1344). that becomes due a certain 


to find the Time hence, diſcharges it by paying 1200). in ready Money; bow many Years 


Time. did he anticipate the Payment, ſuppoſing the Diſcount to be 3 per Cent. per 


Example. Annum?  _ 


8 the Time required * equal 100 X 2 equal I oh 2 4 


CASE I. The Sum due, Rate and Time being given, to find the 


- To ſolve this Queſtion 1 ſay, if 1ool. in 1 Year produces 31. in what 
Time would 1200), produce 144/, whence 3: 100X1Y = 244 : XX1200 3 | 


i. 


. be reduced to? 
When Tare nd 'Tret are both allowed, to fc the Nett: | Say, 28 Rule for de 


and goes under the following Denominations. 3 Cd 4m 


5 &c, in which the Goods are packed, allowed to be. either ſo much: 


together, 112 K 112.: 108 X 107 2 87 X. Subtle f 72 X anne e 
is, 112 X 112: 108 X. 107 = 87: e e li Tr WW ev 
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Elin In. T he Sin due, preſent Worth and Time ing geen, to oer 5 


find the Rate of Diſcount. Say, as the preſent Worth multiplied by the prefeat- * | 

Time i is to the whole Diſcount, ſo is 100/, to the Rate per Cent. 

A Gentleman who contrafled a Debt of 2000, 

charges it at the End of 5 Months by paying 1867 335 1. ready Money, what Ra 
was the Rate per Cent. ber Annum of the Diſcount ? BY gl. pe Cent. 8 
eee by 


15 weighing ſeveral Commodities, the Weight of the Package | is in- What is- ” . 


cluded in the Weight of the Goods, and the whole upon that Account meant by 
is called groſs Weight; the Allowance for which is regulated either by == 
. Cuſtom, or by ſome expreſs Stipulation between the Buyer and Seller, ws 


"40. 7 are, which is an Allowance for the Weight of the Caſk, Cheſt}. | 


per Bag, Barrel, Cheſt, &c. or ſo much per Cui. | 
29. Tret, which i is an Allowance for Duſt contra cted by keeping, Waſte- | 


by Freight, Carriage, &c. When a DeduQion is made for the Allowance _ 


of Tare frem the groſs Weight, the Remainder is called Nett, unleſs 

Tret is likewife allowed, and then it is called Subtle, out of which the. 

T ret is deduQted, and the taſt Remainder is called nett Weighr. . 
e 3 


When the Au ant is made at ſo mech per cot. the Nett is found y Kale for 48 
1 the following Proportion: As 11 2b. is to the Difference betwixt the — 5 


iven Tare or Tret, and 1 12/6. ſo is the given Groſs to the Nett Ot Ss: 
What is the Net of 410Cwt. 2qrs. 1216. at 20 per Cut... 
To ſolve this Queſtion, I ſubtract 20 from 112, the Remainder is 92, 

and then ſay, if 11215. is reduced to 92ʃb. what will 4r0Cwe. 24rs; ras. 

* 337Cwt, 1. 46. 


TI2X112 is to the Product of the Difference betwixt the given Tare, ducting 
and x12 multiplied into the Difference of the m_ Tret and 112, ſo i 2 
the given Groſs to the Nett required. We 


Tare being allowed at 4b. to 11216; and. Tret at 55 to. 21216, what 1 is bete by 
xamp 


9885 


3 nett M. eight in 8 715. e. 1 * 
To ſolve this Queſtion, I ſay as 11215. is to 10805. (viz. 112 : leſs W-.. 
ſo is 8416. tö the Subtle. I then ſay, as 11215: to 10715. (viz. 112 leſs 5) 
ſo is the Subtle to the Nett. Multiplying therefore the Antecedents 
of the Ratios of thoſe two Proportions together, as alſo their Conſequents 
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payable in two Tears, diſ- 12. EG 
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5 XI VII. i 5 
Rule of 


certain Price, is called the Rule of Mixtures. 
| ni. 
When the Quantities as well as the Prices of ha RET ee are 


r there will reſult as many particular Products as there are Sorts of Wares 


the Ingredi- to be mixed; divide the Sum of thoſe Products by the Sum of the In- 
one givens gredients, the Quotient will give the Rate of the nia as will ap- 


Rate. pear by the following Example. 
xLIx. 


A Farmer mixes three Serts of Grain of d ifferent Prices, viz. 10 Sacks of 


Wheat at 125. per Sack, 8 Sacks of Wheat at 145. per Sack, and 6 Sacks of 
Oats at 8s. per Sack ; "what is @ Sack of the Mixture worth ? 


Pirſt Exam To ſolve this Queſtion, I fay, 19. If 1 Sack coſt 125. what will 
10 Sacks coſt? & 6/. 29. If 1 Sack coſt 147. what will 8 Sacks coſt ? 


ple. 


N 5). 12s, 39. If 1 Sack coſt 87. what will 6 Sacks coſt? & 21. 87. 

ence the 24 Sacks of Corn mixed together are worth 14/. I now 
__ fay, if 24 Sacks of Corn mixed together are worth 140. what will 1 
Sack of the Mixture be worth? N 11s. 8d. 


| 
7 278 Gallons of Rum, at 115. 6d. per Callon, were + mixed with 174 Gal- 


5 \ Ex lone, at gs. 3d. per Gallen, what would a Gallon of the Mixture be worth ? 


ample. . Multiplying 1 15. 6d. by 278, I find the Price of 278 Gallons, at 11-5. 6d. 
er Gallon, to be 1591. 17. Multiplying gs. 6d. by 174, I find the 
Price of 174 Gallons, at gs. 6d. per Gallon, to be 821. 133. 
Conſequently the 278 Gallons and 174 Gallons mixed together, or 
the 452 Gallons of Rum, are worth 242/.- 10s. _ | 
herefore dividing 242/. 10s. the whole Price of the 452 Gallons of 


Rum, by 452, the way IOs, 8 3d. will be the Price of a Gallon of 


* Mixture, 


A Goldſmith melted down G 605 of Sikoer of Aer! Standards, 
viz. 3216. of 11. fine, 2016. of 1102. 12dwt. fine, $1b. of 1002. rodwt, 
The Standard of the Mixture is required, 


bird Ex If Silver is pure and free from Mixture, that i is, if the 12 parts 120 
_ which the Pound of Silver is- divided are fine, the Silver. 1s ſaid to be : 


I 


| Te; is uſual An Trade to mix ſeveral Sorts of Wares 3 for he 5 
Mixtures, Convenience of Sale. The Operation to be performed, to proportion 
the Price of the Mixture to the ſeveral Prices of the Simples, or to find 
the Quantity of each Ingredient that will proportion the an, to a2 


given, to find the Rate of the Mixture. Multiply the Value of an Unit 
The Quan of each Ingredient by the Number of Units of that Ingredient, whence 


22 


| NUMERAL ARITHMETICK, 
126%. fine. If the Þb. is compoſed of 11 Parts of pure Silver, and of x of 


another Metal, the Silver is ſaid to . 10 z. fine. If the 1b, of Silver is 


compoſed of 1052. and 1odwt. of pure Silver, and of 102. lodiut. of ano- 


ther Metal, the Silver is ſaid to be 1002. Todt. fine, and ſo on. T * 
Notions being premiſed, the Queſtion is ſolved thus: 


As there are 32/b, of 1 102. fine, 20ʃb. of 110z. 12dwt; fine, 816. of 
100Z, r0dwt, fine. Multiplying 1102. by-32, there reſults 3520z, Mul- 
tiplying 110z, 12dus. by 20, there reſults 28, ox. Laſtly, multiplying” 
I00z. 10dwt, by 8, there reſults 840z, 

The 60/6, therefore will contain in all 6680x. fine ; whence dividing 


thoſe 6680z. fine by 60, the Quotient 1 102. 2dwer. 16fr. will be the 


Quantity of fine Silver contained in a 16. of the Mixture, and eonſe 
quently will be the Standard of this Mixture. | 
II. 
The particular Rates of two Simples to be mixed, and the Rate of Stcond Caſs 
the Mixture being given, to find how much of each [ngredient muſt be The Rates 


taken to compoſe the Mixture. | ol two In 


Form two Fractions that ſhall have for common Denominator the 288 of 


Difference of the Rates of the two Ingredients; the one having for Nu- the Mixture- 


merator the Difference between the mean Rate, and the loweſt Rate will S 


expreſs the Portion to be taken of an Unit of the Ingredient of the higheſt Quantity'of - 


Rate; and the other having for Numerator the Difference between the each Iugre 


mean Rate, and the higheſt Rate will expreſs the Portion to be taken dent. 


of an Unit of the Ingredient of * loweſt ne as will appear by the 
following Example. 
„ 

How much Wheat, at 1 3. the Sack, and Rye at 101. the | Sack, will com- 
poſe a Mixture that may be ſold for 1 25. the Sack 2 

To folve this Queſtion, let the three Sacks, that of 10s: the loweſt Pirſt'Exana 
Rate, that of 13s. the higheſt Rate, and that of the Mixture to be A 
at the mean Rate 12s. be conceived to be divided into a Number of 


| equal Parts. 


The Difference 2-. between the mean Rate 127. and the loweſt Rate 

105. being double of the Difference 13. between the higheſt Rate and the 

mean Rate; it is manifeſt that every Part that is taken of the Corn of 

the loweſt Rate to compoſe the Mixture, will diminiſh the mean Rate 

twice more than each Part of the Corn of the higheſt Rate will increaſe 

it, we ſhould therefore take two Parts of the Corn of the -higheſt Rate 

for every one that we take of the loweſt Rate, in order that the mean 
Price may not be altered, that is, of the three Parts that are taken in all 
to _— a Sack of Corn of the mean Rate, two ſhould be of the Corn 


A+ 
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ELEMENTS or N 


of the e bigheſ Price, and one of the Corn of the . price; oe 3 
the Sack of the Mixture to be ſold for 125 will e of 5 of the Sack _ 
at 135. and 4 of the Sack at 17. | ns 
Now it is ealy to perceive that the e 3 common to the 
two FraQtions & and 2, which expreſs the two Portions of the Sack of 
the Mixture, aroſe from the Difference 3 in the Prices of the two Sorts 
of Corn, and that the Numerators 2 and 1 of thoſe FraQtions are the 
Differences between the mean Rate and the particular Rates, 
Try. | | 
Let it be propoſed to mix twwo different Subſlances, a cubical Foot of one f = þ 7 
which weighs 6501b. and of the other 48055. fo as a cubical Foot of the Mix- 
| ture ſhall weigh 500lb. h 
Second kx The beavieſt cubical Foot weighing 650lb. the lighteſt 48015. and the 
ample. cubical Foot of the mean Weight weighing 50016. the Difference be- 
tween the lighteſt and the heavieſt will be 19016. the Difference between 
the mean Weight and the heavieſt 15016. the Difference between the 
mean Weight and the lighteſt 20%). whence two Fractions having 170ʃb. 
or ſimply 170 for common Denominator, and 20ʃb. and 150/b, or ſimply 
20 and 150 for their Numerators, will expreſs the Portions to be taken 
of the two given cubical Feet to compoſe the cubical Foot required, 
weighing 500lb. that is, 
1. 8% or y will be the Part to be taken of the cubical Foot weigh- 
ing 650lb. | 
2. 358 or 17 vill "oe the Part to be taken of the cubical Foot weigh- 
ing 48066. | 
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LY. 5 
| | The 1 Queſtion i is of Uſe in Gunnery. The Metal employed 
2 eg in the Conſtruction of Cannon is a Mixture of Copper and Block- Tin. 
— in Some Founders, to ever 7 1001b, of Copper, add 1116. of Block-Tin ; 
* others, to every 100/b. of Copper, add 1205. of Block-Tin. This laſt 
| Proportion being ſuppoſed to be the beſt, when old Pieces of Cannon, 
compoſed of thoſe two Metals, are to be "melted down, it will be neceſ- 
_ » fary to determine the Quantity of each Metal they contain, in order to 
_ diſcover whether thoſe Metals have been mixed in the Tropayion, - TS 
which Experience has proved to be the beſt. | 7 ” 
It is eaſy to perceive, that if the Weight of a Quantity of Copper, = 7 | 
alſo. of a Quantity of Block-Tin of the ſame. Bulk with the Mixture, 
could be determined, the Quantities of each Metal in the Mixture 
would be eaſily found. 
A heavy Body immerſed in Water loſes a Part of its Weight qual to 
the Weight of the Quantity of Water that it puts out of its Place; 
whence Bodies that loſe, when weighed i in Water, equal Parts of their 
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quently are of the ſame Bulk, agreeable. to this Principle. 
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NUMERAL AREFTHMETICK. © 
Weight, put equal Quantities of Water out of their Place, and conſe- 
Let a Portion of the Mixture, weighing for Exampl 
taken; likewiſe a Piece of Copper and one of Block-Tin, each of the 
ſame Weight, and let the Portion of the Mixture, when weighed in 
Water, loſe 9 3 1b. Copper loſing in Water the gth Part of its Weight, 


and Block-Tin the 7th Part, the Piece of Copper will loſe 8 $6. and the 


Piece of Block-Tin 11 + 16. 8 PET 12 a, 
Now to find the Quantity of Copper and Block Tin ſeparately that 


compoſe the Mixture, it ſuffices to find how much Water the Copper 


and Block- Tin ſhould put out of its Place ſeparately, ſo that the Mix- 
ture ſhall put 9g 2/6. out of its Place, . | 


To find which, I take the Difference between 11 4 1b. and 8 b. which | 


is 2 3+ or , the Difference between and 83, which is or 32, and 


the Difference between 3 and 11 J, which is 2 ; wherefore the Frac- 


tions having ſor common Denominator 160, and for Numerators 28 and 


132, will expreſs the Parts of the 9 h. of Water, which the Copper 
and Block- Tin in the prepoſed Mixture put out of its Place; wherefore 


the Quantity of Copper in the propoſed Mixture is 66/6, and of Block 


Tin 14/6. I 5 . 
' Having diſcovered after this Manner the Quantity of each Metal in 
the Portion of the Mixture, it will be eaſy to find how much of each the 


whole Mixture contains. Let the Piece, for Example, be a 24 Pounder,- 


weighing 5100/6. to find the Quantity of Copper in this Piece. I ſay, 
if 80/6, of the Mixture contain 66/5. of Copper, how much will 5100/56. 
contain? & 4207 5/5. In like Manner the Quantity of Block Tin will 
be found to be 892 5, that is, 214/15. of Block-Tin for every 10015. of 


Copper; but as the Proportion of the Quantity of Copper and Tin ſhould 


that Compoſition, and the Value of an Unit of each Simple being given. 


a . 


be as 100: 12, I ſay, if 1216, requires 100ʃ0b. what will 892 3b. require? 
B 7437 4/5. Conſequently there ſhould be added 32 30ʃb. of Copper to 


the propoſed Mixture, that it may be of the Quality required. "op. $ 


The Total of the Compound of two. Simples, with the total Valu&ef - 


- LTH. 


to find the Quantity of each ſimple Ingredient in the Compoſition. -.. 


To find the Quantity of the higher priced Simple, 1. multipiy the 1.4 ein — 


6 9005. be „ 


. 


5 


— 


leſſer Price of the Unit by the total Quantity of the Compoſition, de- 4 
duct the Product from the total Value of the Compoſition, and divide of ws tim 


the Remainder by the Difference in Value of an Unit of the two-Simples Lg bg 3 


given, and the Quotient is the Quantity of the higher priced $i 
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— greateſt Price of the Unit by the total Quantity of the Compoſition, de- 


given, and the Quotient is the Quantity of the loweſt priced Simple; as 
will appear by the following Example. | . 
: E LVII. 


Gold at 40. per oz. and Gold at 41. 55. per oz. the Value of the whole being 821. 
it is required to find how much of each was taken to make the Compoſition ? 


be Sol. and conſequently 21. leſs than the-propoſed Value 82/. This 
Product 80/. muſt therefore be increaſed by 27. withofit increaſing the 


that is found by the Rule, when it direQs to multiply the leffer Price 

of the Unit by the total Quantity of the Compoſition, and dedu@ the 
Produdt from the total Value. 155 . 

As 40. 55s. exceeds 41. by + of a Pound, every Ounce at 41. 55. that is 


41. without increaſing the Number of Ounces; wherefore, in order to 
increaſe the Product 80/ of 20%. at 4/. per oz. by 2/. we muſt take in 
the Room of the Gold at 41. per oz. as many Ounces at 4/. 55s. as 4. is 
contained in 21. that is, we muſt take $0z. of the Gold at 4/. 5s. per oz. 


to divide the Remainder by the Difference in Value of an Unit of the 


and 80g. at 4/. 5s. in the propoſed Mixture. | | 
220. If the 20 Ounces conſiſted of Gold at 4/. 5s. per oz. the total Va- 
lue of it would be 857. and conſequently 3/, more than the given Value 
821. This Product 85/, muſt therefore be diminiſhed by 37. without in- 
creaſing the Number of Ounces; to effe& which, we muſt take as ma- 
ny Ounces of Gold at 4/. per oz. as 21. is contained in 37. the Difference in 
Value of an Unit of the Ingredients, that is, we muſt take 12ez. of the 
Gold at 4/. per oz, and conſequently 892. of the Gold at 4/. 5s. per oz. 
So Ons YR 
Acem The Total of the Compound of any Number of Simples, with the to- 
pound of tal Value of that Compoſition, and the Value of an Unit of each Simple 
0-497 being given, to find the Quantity of each Ingredient in the Compoſition. 
1 its to Multiply the loweſt Price of the Unit by the total Quantity of the Compo- 


dal * ſition, and deduct this Product from the total Value of the Compoſition; 
and that o 
an Unit of 
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auer 47. To find the Quantity of the loweſt priced Simple, multiply the 


by to find the duct the Product from the total Value of the Compoſition, and divide the - 
— ___ of Remainder by-the Difference in Value of an Unit of the two Simples 


Suppoſe there are 20 Ounces of Gold melted into one Maſs, con ſiſting of 
Ezample. If the 200z. conſiſted of Gold at 41. per oz. the total Value of it would 


Number of Ounces. Now it is manifeſt that it is this Increaſe of 21. 
taken in the Room of an Ounce at 41. will increaſe the Product 80. by 


Now it is this Number 80z. that is found by the Rule, when it dire ds 


two Simples given; wherefore there were 1 20. of Gold at 4/. per oz, 


divide the Remainder into as many Parts leſs one as there are Ingredients, 


each Iogre diviſible by the Differences between the loweſt Price of the Unit, and all 
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NUMERAL ARITHMETICK.. 


Priced one. 5 | 


” . many Pronds'of Gun-Powder at 25s. 17. and at 64. per 2 ſe be to. = 


ken to compound a Mixture of 2216, worth 30.9 


If the 22/6. conſiſted of Powder at 64. per 15. the total Value of its, | 7 1 2 5 


. would be 132d. and conſequently 228d. leſs than the propoſed Value 


360d. whence this Product 132d. muſt be increaſed by 228d. without in- 


: creaſing the Number of Pounds of the Mixture. Now this Augmenta- 
tion of 228d. found by deduQting the Product 1329. from the propoſed 
Value 360d. cannot be made but by taking a Number of Ib. of Powder at 


25. and at rs. per /b, in the Room of a ſimilar Number of 1b, of Powder 


at 6d, per 5. 


1. Each /b. of Powder at 25. taken in the Room of a 1b. at 6d. will 


give an Augmentation of 184. equal to the Difference in Value of an 


nit of the higheſt rated and loweſt rated Powder; whence the Part 


of the Augmentation produced by taking a Number of Pounds of Pow- 


der at 2s. per 15. in the Room of a like Number of Pounds at 6d. per 5. 


will be a Number of Pence multiple of 18d. and conſequently diviſible 


by 189. Difference in Value of an Unit of the higheſt priced and loweſt 


priced Powder. 


29. Every Ib. of Powder at 12d. taken in the Room of a lb. ad 6d. 
will produce an Augmentation of 6d. which is the Difference in Value 


of an Unit of the mean priced and loweſt priced Powder; whence 
the Part of the Augmentation, produced by ſubſtituting a Number of 
15. of Powder at 15. per /b. in the Room of a like Number of 1b. at 6d. 
per 1b, will be a Number of Pence multiple of 6d. and conſequently di- 


viſible by 6d. Difference in the Value of an Unit of the mean priced and 


_ loweſt priced Powder. | 


We muſt therefore divide the Augmentation 228d. into two Parts, 


one of them diviſible by the Difference 18d. in the Value of an Unit of 
the higheſt and loweſt priced Powder, and the other diviſible by the 
Difference 6d. in the Value of an Unit of the mean priced and loweſt 


priced Powder. 


The Parts of 2284. diviſible by 184. and the correſponding Parts of 
2284, diviſible by 6d. are V i 


18, 36, 54, 72, 90, 108, 126, 144, 162, 180, 198, 216, : 
210, 192, 174, 156, 138, 120, 102, 84, 66, 48, 30, 12, 


each 1b. of Powder at 27. ſubſtituted in the Room of a 1b, at 64. produ- 


cing 18d. in the firſt Parts of 228d, and each IB. at 1s, ſubſtituted in the 
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the other Prices Thoſe Paris being divided by thoſe Differences, the dient given _ mim 


Quotient will expreſs the Quantities of each Ingredient, except the loweſt Quanti tho 


ty of © 
each. IF ; 


1 Nee,, 7: 5 
Room of a lb. at 6d. producing 64. in the ſecond Parts of 228d. it is ma- 
nifeſt that if the firſt Parts be divided by 18, the Quotients will be the 
different Numbers of 15. of Powder at 2s. that produce the firſt Parts, 
or that can compoſe the Mixture; and that by dividing the ſecond Parts of 
by 69. there will reſult the different Numbers of 15. of Powder at 17. — 
per /b. that can compoſe the Mixture. Thoſe Diviſions being perform- per 
_ . ed, the Number of IB. of Powder at 2s. and at 17. per . will be as . 
ti 2, 3. 4 Se ©. 7s ̃ 99 TO; Ha it, ga 
45 Ib, at 1s. 35, 32, 29, 20, 23, 20, 17, 14, Il, 8, 5, ', LN _M 
4s the Compoſition ſhould conſiſt but of 2215. it is manifeſt that the 7a 
| | ſeven firſt Numbers of 15. at 2s. per 1b. which with the correſponding 
Numbers of 5, at 17. make more than 2215. ſhould be rejected; and | 
that the eighth Number 8/5, at 2s. which with the correſponding Number * f 
24/6. at 15. makes preciſely 2215. ſhould be alſo rejected with its Fellow C 
1405. ſince the Mixture ſhould contain a Number of 1b. at 6d. whence "8 
there will remain but four different Numbers of . of Powder at 27. 1 
with four correſponding Numbers of 15. at 17. per BB. and as the whole 3 5 a 
Compoſition is limited to 22/6. if from 22 be deducted each Sum made — 
up of a Number of Ib. at 2s. together with the correſponding Number of 6 | 
Ib. at 1s. each Remainder 3 K the correſponding Number of 15. at 64 R. 
per . conſequently the Particulars of the Mixture ſhould be 9/5. at 2s. . 
1105. at 17. and 216. at 6d. per 1b. Or, 1016. at 2s. 8ʃb. at 17. and 
405. at 6d. per . Or, 1145. at 2s. 51b. at 1s, and 6/6. at 6d. per 16. Or, | 
1206. at 2s, 216. at 1. and 8/6. at 6d. per 6. oh 
EE Ee” Rea gl Wen Na 
ETON. In buying and ſelling Goods the Merchant ſhould'be able, by compa- Ya 
Profit or Ting both together, on the different Articles in which he deals, to make | 
Loſs made a true Eſtimate of his Trade, thereby to judge with Certainty what 
upon 2 n Articles turn out more or leſs to his Account. To effeQuate which it Ch 
Trade is was found neceſſary to have ſome common Standard, by which the Gain | Ge 
eſtimated. or Toſs made, or propoſed to be made upon any Commodity or Article 
| in Trade, ſhould be tried and expreſſed, and this by univerſal Conſent & 
| ſeems to have been fixed to the Centum or Hundred; fo that when it is 9 
ſaid that the Gain is at 10 per Cent. it is to be underſtood” that when | WR 
| 100). 1007. &c. have been laid out in purchaſing Goods, 1107. 1 107. &c. "= 
"FEST have been recovered by the Sales; and in the fame Manner, if 100/. | 55 
3 were laid out in the Purchaſe of Goods, and but gol. received back, it 1 
5 Bs faid that xo/. per Cent. was loſt by ſuch Goods. 5 Jon 
. 
1 / 8 5 
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LI. | N 
The buying and ehe prices being given, to find the Rate per Cent. Caſe l. 
of the Gain or Loſs. as the buying Price is to the Difference be- The buying 
tween the buying and ing 1 95 ſo is 100 to the Gain or Loſs aud felling 


per Cent. do find the 
A Merchant bought Cloth at 155. 6d. per Yard, and fold it again for 18s. Rate, 


what did he gain per Cent. ? 


To ſolve this Queſtion I ſay, if 155. 6d. gained 2 64. what will 100 Brample. 


gain? & 16 Fr per Cent. 
A Merchant bought Cloth at 10s. per Tard, and fold it again for 97. fer 2 Ex 
. Yard; what did he hoſe per Cent.? BT 


I ſay, 10: 1 = : 100: N 10 per Cent, 

A Merchant bought 5 Puncheons of Rum for 2451. 199. 6d. and fold them Third Ex 
for 2951. 19s. 6d. what did be gain per Cent? ample. 
Gn ſay, if 245,975, gain 500. what will 100 gain? & 20 $329 per 
ent. 8 
A Merchant bought a Punchean of mow for 66/1. 13s. 44. it run 1 50 Gal. Fourth Ex 
lons, which be retailed at 12s. 6d. per Gallon; whether did be gain or boſe, Lab 
bow much, and at what per Cent, 

I fay, as 661. 137. 4d. the buying Price, is to 277% 17. 8d. the Diffe- 


rence between the buying and ſe ling Price, ſo is 100/. to & 40 ö the 
Rate required per Cent, | 


LxII. 


The buying Price, and the propoſed Rate per Cent. Profit being given, © Cafe II. 


to find the advanced Price. Say, as 100 is to the Amount of 100 at the T Price n 


Rate given, ſo is the buying Price to the advanced Price eee, cy Rab 
A Merchant bought Cloth at 155. per Tard; how may be charge it per Cant, Profs 
Yard to gain 25 per Cent.? ive, 


I ſay, as 100 is to 125, ſo is 159. to 18s. gd. the advanced Price. — 


A Merchant bought 400 Spindles of Yarn for 411. Carriage and other yecond ER 
Charges came to 1 7. bow may be retail it ber Spindle to clear 30 pe ample, 


Cent.? 


I fay 100: 130 = 41,85). : $4,405). the advaticed Price of the 400 


Spindles, which is at the Rate of 25. 8d & d. per Spindle. e 


A Merchant bought 80 Puncheons of Rum, rontaining 7848 Gallons, Third E 15 


at 10s. 6d. 10 Gallon, Lighterage, Porterage, and otber Charges came te umple. 


281. 75. ere was of Leakage 25 Gallons. How may be fell the Romain- 
der f Gallon to clear 12 4 per Cent. upon the whole ? 


o ſolve this Queſtion, I firſt inveſtigate the Price of the 7548 Gal. LY 15 
vn, at 107. 6d. 4 55 Gallon, to 4 adding the e "ng the 
2 


Prices given 


_ 
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firſt Coſt to be 988, [1 then ſay, 100: 112,5 OE . J 8 
; Ag the 7523 Gallons. that remain after the. Leakrge | 


the advanced Price 
is deducted, which is at the Rate of 117. 11d. per Gallon. 


Fits Exam. A Merchant bought 1.7Cwt. 3qrs. of Sugar, at 60s. and 14Cwt. „ 1405. i 


* at Tos. which he mixed together and propoſes to ſell it at 30 per Cent. ad- 
85 vance, bow muſt he value 1 Cwt. of the Mixture? 


To ſolve this Queſtion, I firſt inveſtigate the Prices of 17 Cut. 346. 


of Sugar, at 607. per Cwt. and of 14Cwr. 2qrs. 1416. at jos. per Cut. 
and I find the firſt Coſt of the Mixture 32,375 Cut. to be 104,4375/. 
1 then ſay, 100: 130 = 104,437 : 135,76875/. the advanced Price of 
the Mixture, which is at the Rate of 41. 3s. 10 54. per Cwt. 
„ LX III. 
Caſe III. 


The Rate quired, Say, as the loweſt advanced Price is to the Amount of 100, at 
given and 


another pro the given Rate; ſo is the higheſt advanced Price to the Amount of 100 


portional to at the required Rate. 


3 A Merchant fold Tobacco at Id. per Ib. upon which be n, 10 per Cent: - 


ple. Markets roſe to 8d. what did that advanced Price bring per Cent. # 
7 I fay, 7: 110 = 8d. : 125 fd. & 25 J per Cent. 
Second Bx Merchant ld Cloth at 187. per Yard, upon which be bad 15 per Cent. 
ample. Flow much per Cent. had his Neighbour, who n bis Cloth of the Jo _ at 
195. 6d.? Þ 24 F 25 Cent. 
rxtv. 


find ek I Merchant uu a Pipe fl Wine for 4 4 I 57. 5 which he had 20 per Fu. 


e Coſt. . what Was the prime Coft t 


* i Exam I fay, 120: = 4275: * 36“. 97. 2d. 


A. Merchant ſold 50 Pieces of Scotch Lawns, 10 Yards each, for 1 354. by 


* Fo Ex- N be gained 15 per Cent. what did it coſt bim per Tard? 


ample. ' I fay, F15 100 = 13g]. : 117, 3910 the prime Colt of the 50 Pieces, 
or 500 Yards of. Lawn, which is at the Rate of 4. 8 4 d. per Yard. 
| , 8 
| What is Banter) 1s the Commutation of one Commodity for another; and 3 


Banter. eth ſo to proportion the Quantities to be exchanged, according to the 
Conditions of the Barter, that neither Party may ſuſtain Loſs. 

Method of To ſolve Queſtions relating to Barter at one peration,. Say, as the 

Queſtions Rate of the Quantity required per Yard, 1b. Orot. &c. is to the Rate of 

#: bo Barbes-at the aſſigned Quantity, ſo is the aſſigned Quantity Vw. the Quantity re- 

dne Opera Quired:; as will appear by the following Example. 

— Exam He many Yards of Sballoon may a Merchant barter for 8o Yards of bread 
ple. Cloth, rating the broad Cloth at 155. Gd. per Yard, and. the Shalloon. at 25.2 


If the Rate proportional to another upon a new advanced Price is re- 


2. 2 
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78 I I ſay, as 1 Yard of broad Cloth is to 15s. 6d. ſo is 8 Yards to x its ty 
ge Value... I then ſay, as 25. is to 1 Yard of Shalloon, ſo is x the Value f an 
5 the broad Cloth to y, the Number of Yards of Shalloon required. Con- Li 
75. ſequently 1X2 : 155X1==80Y Xx : x, or 2: 15 = OY: y equal 62“. 1 
4 5 How many Yards of Iriſh Linen, at 2s. 3d. per Tard, may a Linen- Draper Second Ex 6 
ba ve in Barter for 80 Pieces of Holland, of 20 Yards each, at $5. 6d. per ample. *| 
„ "a e Lay, 2 $0X20Y 31: K 4488 Yards... + t 4 0 
" Ho many Pieces of Indian Chints may a Merchant have in Barter for 86 Third Ex 11 
of Pieces of broad Cloth, rating the former at 251. 1os. per Piece, and the latter ple. 4 
at 15. 155. per Piece? I ſay, 25 4: 86 Pieces = 15 1: & 532 Pieces. ky 
How many Ib, of Almonds may a Grocer have in Barter for 379lb\ of Fourth Ex = 
e- Raiſins, reckoning the Almonds at 7 &, and the Raifins at 3 1 per Ib ple. 1 
at e "oy Ifay 74: 379. = 34: K 189 2%. Es " 
0 ; | r VVV "BE 
8 Exchange is the Commutation of the Money of one Country for that 44 
== of another, by Means of a Bill or Writ, commonly called a Bill of Exchange. #Þ 
| When the Purchaſes and Payments of one Country in another exact- pom It 
ly balance the Purchaſes and Payments of the latter in the former, the whence ari- j 
t. Exchange on both Sides are at Par; that is, one who gives Money in one e 79 3 
2t Country will receive as,much_in the other in Weight and Standard, 83 
hut if one Country ſupplies another with more than it takes from it, 121 
there will be a Balance againſt the latter, which it muſt neceſſariliy pay; 79 
o in order to which, the Demand for the Money, or Bills of Exchange A 
E of the former, becomes greater in the latter than the Quantity to ſup- * 
ply that Demand, and conſequently puts the Price of their Money above 
f, Par, and that of the other below Par, and this conſtitutes what is called 9 
the Courſe or current Rate of Exchange. VVV ; = 
WO ES oC OE OW RD owt og | "Oey 9 „ t = 
7 In Ireland, Accounts are kept in Pounds, Shillings, and Pence, Iriſh. anner of UW 
Britain exchanges with Ireland upon the xool. the Par of which in Iriſh exchanging I 
„ Money is 1087. 6s. 8d. ſo that the Shilling Sterling is worth 1 3d. Iriſh, between 14 
The Courſe of Exchange runs from 5 to 12 per Cent. according as the on ear N 1 
Balance of Trade is in Favour of Ireland, or againſt it. VV -M 
„ If Iriſh Money is required; as, for Example, how much in Dublin for $i 
J 35 71. 18s. in Londen, when the Exchange is at 10 per Cent. cf = 
Say, if 100/. Engliſh gives 11051. Iriſh, according to the Courſe, Money to i 
> what will 3371. 18s, Engliſh give? & 395“. 18s. 6 ę[]. its 3 
7 If Engliſh Money is required; as, for Example, how much in A 
7 don for 395. 18s. 64d. in Dublin, Exchange at 104 per Cent.? „ 
: Say, if 11037, Iriſh, the Courſe of Exchange equivalent to 100“. nen te e 
7 Engliſh, gives Iool.. Engliſh, what wall 3957. 184. 6 10 d. give ?. 8 33 r 8 
4 N - Eoglik. 


* 3571. 18s, the Engliſh Money required. 


* 
e 
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| Manner of In America and the Weſt-Indies, as in other Parts of the Brieiſh Do- 
exchanging mintons, Accounts are kept in Pounds, Shillings and Pence, divided as 


Bud Pan in Britain, and their Money, for DiftinQion's Sake, is called Currency. 
tations, The Method of computing the Exchanges is the ſame as with Ireland. 


LXVIII. 


Bale 0 When Britain exchanges upon the 1000. the bigher the Exchange i is, 


rawing the Advantage to Britain in remitting is the greater, and in drawing 


and Remit- the leſs, as will appear by the following Examples. 
__ Mben the Exthange was at 12 per Cent. Britain remitted to Ireland $000). 


for bow much Sterling ought 5 to draw for a Reimbutfement, when the 


Exchange Falls to 6 oy Cent. 

To folve this Queſtion, I firſt ſay, if Tool. Engliſh amounts to 1-1 27. 
Friſh, what will 50000. Engliſ amount in Ireland to? & 5600). I next 
ſay, if 1069. Iriſh gives 1007. Engliſh, what will 56008, Iriſh give? 
N 528 3“. os. 4 2d. Engliſh; whence Britain gains by this Tranſaction 
28 , Os. 44 which is above 5 per Cent. 

5 the webange with Ireland roſe to 12 per Cent. Kees on Lon- 
| don Fr vovo ol. Engliſh, how much Iriſh muſt be remitted to London Tods iſcharge 
_ the Debt, > ies the Exchange falls to 6 per Cent, ? 
 _ To ſolve this Queſtion, I firft fay, if Too], Engliſh amount * 1121. 

Iriſh, what will 5000. Engliſn amount to in Ireland? R $600), . I af- 
ter wards. fay, if 100“. Engliſh amounts to x06. Iriſh, what will 5ooo!. 


Pogliſh amount to in Ireland? 5 5.300/. whence Ireland gains by this | 


Tranfaction 300/. which is 6 per Cent. 
| LXIX. 


In Francs Accounts are kept i in Livres, Sols, and Deniers, divided as 


[emer the Britiſh Pound. The Manner of exchanging between London and 
between 10 Faris, &c. is to give ſo many Pence Sterling for the Crown or Ecu of 


8 Livres, or of 60 Sols Tournois. The Par of Exchange, according to 

1 & preſent Currency of the Coins in England and France, is 29,149 Pence 

N Engliſh per Crown, or per 60 Sols Tournois, According to this Par, 
their Coins may be eſtimated as follows, |, 


Eſtitnation 1. A Denier Abd. 20. A Liard of three Denies . 3 30. A Dradedis 

of the of 2 Liards 5d. 4. A Sol of 2 Dardenes gd. 59. A F nk of 20 Sols or 

* I Livre gid. 60. A Crown of Exchange or 80 Sols 25. 5x4. 7. A double 

Crown of 8 Livres 4. 105d. 80. A Louis e 8 Crowns ot 69. 
ngliſn Money, | 


of — 2 uired, as, for Example, how many Livres in Paris for 566]. I 
| Xx London, when the Pxohange is at 31d. per Ecu? | 12 Low 
Bay, if 31d. the *Ooutſe of Exchange, gives 3 Livres, what vill 


566). 131. 44 1 jo W EY D. . 


Nie To compute the Exchanges with rande. IF French Money i is re- 


as 
Y. 


Pezzo ? 
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II Englih Money be required, as, for Example, how much in Eon 0 


E for 13161 Liv. 5 Col. 9 in Paris, the IO being at 314. 
| per Feu? 


Say, if 3 PO gives 31%. what will 13161, = 5 Sol. 94 Den. i Co = 


| give? * 556 137. 4d. 


LAX, 


In Genon Accounts are kept in Piaſtres, or Pezzos, which 1 Manner of 


exchanging | 


vided into Soldi and Denari, as the Britiſh Pound. Some of the Mer- between * f 10 1 
chants keep their Accounts in Lires or Liras, Soldi and Denari, divided Englandand + = 
28 before. This Money is only the 3 of the Value of the other. N 


The Manner of exchanging between London and Genoa, is to give ſo 

many Pence Sterling for the Pezzo or Piaſtre, according to the Courſe- 

of Exchange which runs between 45 and god. per Piaſtre. The Par of 

the Piaſtre is 54d. Sterling, and the Par of the Lire 10 4d. 1 ks 
According to which their Coins may be eſtimated as follows: 1“. A Etimation: 


Denari l. 29. A Soldi or 12 Denari zd. 39, A Chevalet or 4 Sol- * — | 
di 13d. 49%. A Teſtoon or 30 Soldi 17. 144d. 5%. A Genovine or EI 
Teſtoons 6s, gd. 69, A Piſtole 15s. 19. A Spaniſh Piſtole 17s. 114, © 


If Genoiſh Money is required, as, for Example, how much in Genoa 5 6 4 ; 
for 17100. 16s. 4d. in- London, the Exchange at 47 A. Sterling per a. Reduction _ 


Say, if 47 4d. Sterling, the Rate of Exchange, gives 1 Pezzo, ow 4. —— 2 
many Pezzos will 1710/.. 167. 4d. 2 R 8644 ez. 280. 6Den, "GT 
If Sterling be required, as, for Example, how much in London for 


8644 Pez. 25ol. 6Den. in Genoa, the Vxchange at 4749. per Pezzo ? Rite 


Say, if 1 Pez. gives 472d. what will 8644 Pez. 289], 6 Den. give 77 — =» 

* N 16s, WS TERS; F | = — ww 
LIXI. | 

In Socks Ac are kept in Piaſtres, Soldi, and Danes, 1 

as at Genoa. Some likewiſe keep their Accounts in Liras or Lires, di- Manner of off 


vided as the Piaſtre; but this Money is only ; of the Money of Ex- between 
change. The Par with London is 47. 4d. but the Courſe runs from 45 1 


| 50d. Sterling only per Piaſtre. 


The Coins of Leghorn are eftimated as Flaws 10. A Denari 15 Eftimation 
29. A Quatrini or 4 Denari dd. 30. A Soldi or 3 Quatrini 330. 4. A - 48 65 1 


Craca, or Grain of 5 Quatrini 43d. 5 Juno, or Paulo of 8 Grains 5% 


60. A Piaſtre of Exchange 4s. 4d. 1555 A Ducat of 150 Soldi 5s. 5d. 


89, A Piſtole of 21 Lires 1 57. Gl.. 3 


When Money of Leghorn is required, 28, for Example, how much f 


in Leghorn for 4650. 199. 6d, Sterling, the "PO at 46d. per a a 


F ds 9 | 0 ney of Legh 


* 
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Pp if 46d. gives 1 Piaſtre, what will 465) 197. 64. 2 gire # 
= 2431Piaſt. 390, 53Den. | 
Reduction When Sterling is required, as, for Example, how much in London 
of Leghorn. for 2431Piaf?. 380. 5 Den. Exchange at 46d. per Piaſtre? 
te. ot: oy” gives 46. what will 2431 FPiaſf. Wo 5 Den. my 


its e 

lenker * 465“. 195. 6d. k 
| . . 

1 1 The Accounts of the Bank of Venice are kept in Livres, Sols and 

exchanging Deniers Gros. The Livre is equal to 10 Ducats Bank, or 240 Groſs, 

between (the Ducat being equal to 24 Groſs) 100 whereof make 120 Ducats 


__—_ a current Money, ſo that the Difference betwixt Bank and. current Mo- 


V 
22 ney is an Agio of 20 per Cent. 

London exchanges with Venice, by giving an uncertain Number of 
Pence Sterling for the Ducat Banco. The Par of a Ducat Banco is 
44. 44. Sterling, and the Courſe between 45 and 509. - | 

Miata * The Venetian > aps. are as follow: 19. A Picoli rd. 29. A Soldi 
of che Vene- or 12 Picoli rd. 3“. A Jule or 18 Soldi 5 id. 4. A Teſtoon or 


tian Coins. 3 Jules 1s. 5 wr 5. A Ducat current or 124 Soldi 3s. 4d. 6. A 
1 Thequin or 17 Lires gs. 2d. Lire Money is divided as the Britiſh 
Pound, and 1 Ducat Banco is worth 7+ Lires, 


Reduction When Venetian Money is required, as, for. Example, how much in 


of Sterling Venice for 541/. 18s. Sterling in London, the Exchange at. 453d, per 


to its equi- 
- Wicks Paw. Ducat Banco? 


Money. Say, if 45 24. the Rate of Exchange, gives 1 Ducat Banco, how 


many Ducats will 5411. 187. Sterling give? & 2850Duc. 100). 107 Den. 
Reduction When Sterling 1s required, as, for Example, how much in London 
ol Ven. Mo- for 2850 Duc. 10 Sol. 1044 Den. in Venice, Exchange at 4549. * 


-ney to its 5 
equivalent Ducat ! 


W Say, if 1 Ducat gives 45 1d. what will N rode, 10 3+ Den. 


sive! ? N $41. 187. Sterling. 
IXxXIII. 


Es 3 1 Liſbon, and in general throughout the Portugueſe Dominions, 


exchanging Accounts are kept in Milreas and Reas, reckoning 1000 of the latter to 
between ag one of the former. The Exchange betwixt London and Portugal is ra- 
| er ted at an uncertain Number of Pence Sterling for a Milrea, according to 
The Par of a Milrea is 5s. 74d. according to which the Gold Se on -- 

Portugal are eſtimated as follow: 
10. The Piece of 25 O 600 double Joannes al. 47. 20. 855 2 Shs 
4 6. 155. 3“. Ditto of 12 0 800 ſingle Joannes 4 127. 85 2 
| of Portugal, ditto 3J. 7s. 64. 5®, Ditto of 6 G 400 half Johannes 11. oh” 6 Ditto 
of 4 800 Moidore * 11. . 7%. Ditto of 3 W 200 quarter 


the Courſe of Exchange, which runs betwixt 5s. and 57. 8d. per Milrea. 


* 


12 Vintin Piece of 240 Reas 15, 6d. 4. The 5 lte of 100 Reas gd. 
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Joannes 187. 80. Ditto of 2 w 460 half Moidore 13s. 6d. o. Ditto „ 
of 1 wy Coo Joannes 94. 100. Ditto of 1 200 quarter Moidore 6s. 94. 
119. Ditto of o 800 , Joannes or Teſtoon Piece 4s. 6d. 75 
The Silver Monies are as follow: 19. The Cruſado of 400 Reas not 
ſtamped 25. 3d. 29. Ditto of 480 Reas ſtamped in 1643, 25. 8 f d. 30. The 


59. The 25 Vintin, ditto of 50 Reas 45d. > 
The Copper Coins as follow: The Ying Piece of 20 0 144 the - 
half and quarter ditto. | 
When Portugueze Money is required, as, for t/a Ana 8 in u Rege . 
Liſbon- for 5781. 197. 6d. in London, Exchange at 5s. 3d. per Milrea? to its e — 
Say, if 5s, 3d. gives 1 Milrea, how many Milreas will 578/. 196. 6d. valent 4 2 | 
give? & 2205 Mil. 619 Reas. _ * 
When Sterling is required, as, for Example, hw hack. in London Reduction 
for 2205 Mil. 619 Reas in Liſbon, Exchange at 57. 3d. per Milrea? of 2 
Say, if 1 Milrea Sives 55. 34. what will 4208 Mil. 2 Reas give 285: iſe Money 


* 5781. 195. 6d. i — Seer 
ee bk 5 lig. 
In Spain the foreign Bankers, or Remitters, keep their Accounts in 4 
Piaſtres, Rials, and Maravedies, old Plate, reckoning 34 Maravedies to erchangisg - 
a Rial, and 8 Rials to a Piaſtre, between 
The Shopkeepers of Madrid, the Cuſtombouſe, and other Dealers England 
within the Kingdom, keep their Accounts in Rials and Maravedies, er 5 | 
Vellon or Copper Money. Some Merchants, particularly in Valenti 


++. 


Alicant, &c. keep their Accounts in Piaſtres, Sols and Denier, divided 


as the French Livre. The Exchange betwixt London and Spain i is rated 
at an uncertain Number of Pence Sterling per Piaſtre, or Piece of 8, ac 
cording to the Courſe of Exchange, which varies from 35 to 40 Penſe 
per Piaſtre. The Par of the Plaſtre is 37. 7d. Sterling, according to 


which the Spaniſh Silver and Copper Coins are eſtimated as follows: 


1*.,A' Maravedie d. 2%. A Quartil equal 2 Maravedies 1:0. Ettimetion 
3 A Rial Plate equal 17 Quartils or 34 Maravedies 53d, 49. A Pif-of 1 Spa- 
trine equal 2 Rials Plate 10s. 4d. 75 . A Dollar old Plate of Seville equal“ Frm Eg 
10 Rials 4. Gd. 6. A Dollar of new Plate equal 8 Rials Plate 3s; 5d... 


a 


70. Mexico ditto 47. 6d. 89. Pillar ditto 45. 64d, N. Peru ditto. od 


Plate 47. 5d. 109. A croſs Dollar 47. 44 d. 
The Gold Coins are Piſtoles, Half Piſtoles, Sc. . Doubles: Piſtoles,. 


' Quadruples. The Piſtole is worth 4 Dollars or 177. 11d. Sterling. 


When Spaniſh Money is required, as, for Example, how much in Redudla. 


| Cadiz . 5761. 125. 2 3d. in London, Exchange at 37 Fd. per Piaſtre? of — 


Say, if 37 49. gives 1 e how Wet Fiaſtres⸗ wil Let 127 ae yo ORE. 


give? * 365g Pf” $0" F 208 2 A 


460 F ELEMENTS or 

DOPING BY | When Engliſh Money is required, as, for Example, how W in 
of Spaniſh London for 365 3 Piaſt. 6 Ri. Y Mer. Exchange at 37 49. per Piaſtre? 

Noney to Say, if 1 Piaſtre gives 37 46. what will 365 t "el 6 Ri. 7 Mer. give ? 
its e e 576. 127. 24d. 


lent Sterlin 
LXxv. 


. Holland e are kept in Pounds, Shillings, and Patt Fle- 
exchanging Miſh, divided as the Britiſh Pound; but more generally in Guilders or 


between Florins, Stivers, and Phinnings, reckoning 16 Phinnings to a Stiver, 
England and 


Pound, Flemiſh, _ 
Britain exchanges with Holland upon the Pound Sterling, for which 


the latter gives an uncertain Number of Shillings and Pence, or Grotes 


.. Flemiſh, according to the Courſe of Exchange, which runs from 30 to 
1625514 ©. IG yo. Flemiſh per 20s. Sterling, The Par of a Pound Sterling is 
11. 16s, 6d. Flemiſh; but a Guinea paſſes in Holland for 12 Guilders. 

es A to this Eſtimation their Coins may be reckoned, as . 
Eftimation 15. A Duke god. 20. A Stiver 1 5d. 3. A Schilling 6 Fd. 49. 


of the Duteh Guilder: Is. w 1 5%. A Zeland Dollar 2s. 74d. 69. A N- Hole 


e . 44d. 7. A Dry Guilder 5s. 3d. 8. A Ducat 9x. 24d. 

1 If Dutch Money is required, as, for Example, how much in Amſter- 
of —.— dam for 270l. 8s. 2d. Sterling, when the Exchange is at 35% 6d. Fle- 
1 oh miſh per Pound Sterling ? 


Dutch Mo. + Say, if 1/. gives 35s. 6d. Flemiſh, * will 270l. gr. 2d. give? 


ney. = 479). 195. 5x8. Flemiſh, 


| ReduRtion If Sterling is required, as, for Fkninphe; how much in London for 


Maney 479! 19s. 6d. Flemiſh, the Brecht being at 357. 64, per Pound 
Sterling? 

{ob boar ani Say, if 1. 159. 6d. Flemiſh gives 11. W what will 475 197. 64. 

| _ Vlemnith wo * 270). 80. ad. Sterling. 


LXXVI. 


5 . ul Hambourg Accounts are kept in Rix-Dollars, 8 Sols; ad pen 
75 8 Le, or in Marks, Sols, and Deniers Lubs. The Rix-Dollar i is worth 
©  Englandand 3 Marks or 48 Sels Lubs, the Livre Gros or Pound Flemith is equal to 


Hambourg, to 74 Marks Lubs, or 20 Sols Gros, or 120 Sols Lubs. The Mark 
Lubs are divided ſometimes into 32 Gros, but more generally into 16 
Schillings Lubs, and each of theſe into 12 Phennings. 
The Exchanges betwixt London and Hambourg are rated at an un- 
certain Number of Sehillings and Grotes Flemiſn per Pound Sterling, 
according to the Courſe of Exchange. The Par of their Rix-Dollar is 
reckoned at 47. 6d. RENE 3 ſo that the Par of 1/. Sterling is 13 Marks 
I Schillings Lubs, 359. 6 5d. Flemiſn; eee to 2 N 
tteir Coins may be eſtimated, as follows: 9 


and 20 Stivers to a Guilder or F lorin, and 6 Guilders or Florins to a 


nd A. tos bs 
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1 * By Mb 0 


Is TUE PIR IT 7 


of Exchange aſſigned for drawing, ſo is the real Rate at which the Re- 


1 + e 7 the following Example. 7 3 3 ts 9 
| en. e i, at 


8 | 25 e 5 7 nl 1: 
4 r 
5 1 * 
: 22 r 
NUMERAL ARITHMETICK.' .- a6 
« 8 4 . 4 24 2 4 
N ? 7 4 75 N pe 3: 
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15. 'A Tryling 3 4 of a Phenning ied. 20. A Sexling E of a Phen- 


Eb ; o. A Phenning z of a Schilling Lubs d. 49. One Schil- Eftimnation.. 5 
ing Fab. 3 7 of a Mark 1 zd. 59. The Dollar equal 2 Marks 3 of the Coins 


296 The Rix-Dollar equal 3 Marks 4s. 64. 79. The Ducat of 61 agg 

Marks ge. 44d. | 
When Hambourg Money is required, as, for Example, how much in ReduQion 

Hambourg for 5000. Sterling, the Exchange at 357. 6d, Flem. N25 - 2 


per Pound Sterling? | 2 A 008. ö 
Say, if 1. gives 35s. 6d; Flemiſh, what will 500l. sive? ET CES 2 5 
* 6656 Marks, 4 Schillings Lubs. ney. 


How much in London for 6656 Marks, 4 Schill. Lub. in Hamboiny RedaQion 
the Exchange at 35-. 6d. Flem. Banco per Pound Sterling ? of Hamb. 
Say, if 35s. 6d. Flem. gives 11. Sterling, what will 6656 Marks, Mooey.co 


uva- 


4 Schillings give? & 500!. Sterling. lent Ster- 
The foregoing are the moſt remarkable Places of Exchioge i in Europe ling. 


with which Britain hath Occaſion to negotiate; and it is“ preſumed 5 


that thoſe Examples are ſufficient, to ſhew how Sterling i is reduced to its 


equivalent Value in the Money of Account in any other r and 


the contrary, the Courſe of Exchange being given. 
LXXVII. 


Being commiſſioned to remit a certain Sum of Money! to a Place, at Method of 


a certain Rate of Exchange, and at the ſame Time to draw for the Re- arbitrating 


imburſement upon ſome other Place, at a certain Rate of Exchange; 95 Bine, 


xplained 


to determine whether the Advantage in performing the one Part of the by an Er- 
Commiſſion will be ſufficient to compenſate for the Loſs that may ariſe le. W 


from the other.. 5 
Say, as the Rate of Exchange aſſigned for remitting, is to the Rate 4583 


mittance can be made, to the Rate at which the Draught ought to be 
made to be at Par with the Rate of the Remittance ; which being com- 
ared with the Rate of Bills upon that Place where the Draught is to 
made, will ſhew whether the Order is to be vn or not, as will 


A Fafler * Lene 3 an Order to remit ta ue 1000 „ Dart at 


m Sterling per Ducat, and, for this Purpoſe, to put bimſelf in Cuſb by draw- 
ing on Spain at 3s. 2d. per Piaftre. When this Order came to Hand, Bills for 
Venice were at 50d. at' what Price muſt London draw upon Spain, to compen- 


ſate the Advance « on the Remitlonce fo 428 2 the Riſe f the W ig 


a 
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eres OF 5 
| To ſolve this Queſtion, let the Number of Piaſtres, at 38d. per piaſtre, 
„that the FaQor is to draw from Spain, to put himſelf in Caſh to make 
TR, the Remittance of 1000 Ducats, at 48d. per Ducat, be expreſſed by x; 
then 1000 X 48d. equal x X 38d. or 48: x = 38: 1000. But ſince he 
is obliged to remit at od. per Ducat, and yet not draw on Spain for 
daa greater Number of Piaſtres, the Piaſtres muſt be rated higher than 
at 38d. to anſwer this Remittance. Let this Rate be expreſſed 


1 48Xx : 50Xx== 38X1000 : yX1000,'or 48 : 50 = 38d. y equal 39 fd. 
: LXXIX. 8 "= | 

By the Word Stock is meant any Sum of Money lent to Government, 
or to publick Companies, on Condition of receiving a certain Intereſt till 
the Money is repaid. Every Stock, or Fund of a Company, being raiſed 
What + for a particular Purpoſe, and limited to a certain Sum, when the Fund 
meant by is compleated, no Stock can be bought of the Company, though Shares 
Stock, already purchaſed may be transferred from one Perfon to another; 
. whence there is frequently a great Diſproportion between the original 
Value of the Shares, and what 1s given for them when transferred; for 
if there are more Buyers than Sellers, a Perſon who is indifferent about 
ſelling, will not part with his Share without a conſiderable Profit; and 


+.» thoſe who want to turn their Stock into Specie. 


The d 
ment unde, per Cent. ditto, 1726. | 49. Ditto, 1751. 59. Three and a Half per 
© Orang Cent. ditto, 1756. 60. Ditto, ditto, 1758. 99. Four per Cent. ditto, 
nies. 1760. 89. Long Annuities, 1161. 99. Four per Cent. Subſcription, 
1762. 10?, Long Annuities, 1762. % ot 

Stocks of Companies are, 19. Bank Stock. 2. South Sea Stock. 

30. India Stock. 4%. South Sea "Annuities, 59%, India. Annuities, 

6®, India Bonds. . | rd EE Jp; 8 

* 6 © es 


Stock job - by 100; as will appear by the following Examples. . 
* - . What muſt be paid for 135 Annuities 35, at 87 4 per Cent.. 
'To ſolve this Queſtion 1 
be reduced to? & 118/. 2s. 6d. + - | . 
What is the Value of yl. 10s. Bank Stock, at 120 per Cent., 


become? & 117/. 


— 


buy yz then 1000 X50d. = x XY, or x: 50 = 1000: 5; wherefore 


on the contrary, if many are diſpoſed to ſell, and few Purchaſes appear, 
the Value of Stocks will naturally fall in Proportion to the Impatienee of 


nige: The preſent Government Funds are, 1*. Three per Cent. reduced 
ent Govera- Bank Annuities, - 2*. Three per Cent. conſolidated ditio. 3%. Three 


Compats The Price of a Quantity of Stock bought or ſold is obtained by mul- 
tion in tiplying the Quantity by the Rate per Cent. and dividing the Product 


ſay, if 100 is reduced to 87 &, what will 735 


To, ſolve this Queſtion I fay, if 100 becomes 120, what will 971. 100. 


{ 
| 
1 
« 


Fw *EMG yr] ov  o} soTSxMTT 
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purchaſe, and what Proportion ſuch Purchaſes bear to the Value of land- te ddt 


NUMERAL ARITHMETICK, 
„ r © 
A TABLE, exhibiting at one View the intrinſick Value per Cent. of Table en- 


the ſeveral publick. Funds, and the Proportion they bear to.each other, inge me 


by which any Perſon may know which it will be moſt advantageous to Value of 


rent publick 


ed Eftates, and Life Annuities. Funds, 


GW ww ed 3 We (} uw 
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"T TVWWeardAon. Inter. I 
57 6 Par. |; per C. IIa per C. 34 
ALY . 
1121 17 Gl} 84 | 98 
115% 15 21} 8521-994 
1184 13 off 87 [10iz 
121 10 10] 882032 
1232135 8 10 90 0 
126 6 11 91211064 
132 2 4 944104 
1344 1 225 2 
poſi 1: L37z o_ off 97311134 
or 211 403! 18 5 99 [1153 
: ſi 30 143 5 26 [3 16 11]] coot1173h 
794241106] 194] 3241452 = 15 5 102 119 
81 4 os 21 ; 35 1482 27 [3 14 © 103511202 


Stock at 8 
| 


to thoſe of another Number divided any how, the Operation to be per-Rule of | 
formed to ſolve this Queſtion is called a Rule of Company 
uſually employed to divide Gains or Loſſes among Merchants in Com- 


to, in the 
the Column of 6 per Cent. the Dividend on India Stock ſtands 168, which 
ſhe ws, that when 3 per Cent. give 84 per Cent. India Stock ought to give 


1687. ſo that to purchaſe India Stock is, in this. Caſe, by 28 per Cent. a "Nl x 
better Bargain than 3 per Cent, Annuities, Pr __ 


N 


When it is propoſed to divide a given Number into Parts proportional 
; becauſe it is © wget | 
Pager 


EY 
xx; Gd 
# 


ELEMENTS or 


© I 4 WOE It appears So this Definition, that each of the Parts of the ber 
Rule for fo be . will be found by the Ang Operation of the Rule of 
performing Three. 


. As the Number already n is to one of its Parts, fo is the Number to 


be divided, to one of its Parts correſponding to the Part that bas been taken for | 


ſecond. Term. 


A Rule of Company may be either ſimple i or 8 It is ſim- 
ple when the Rules of Three on which its Solution depends are ſimple, 
and is compound when thoſe Rules are compound. As the different 
Rules of Three have been ſufficiently explained, a few. Examples will 

be ſufficient to ſhew how every Rule of en wither e or 


W ons is to be performed. 
7. III. 
Uses 7 Iris Merchants, A, B, c, were concerned in 4 Store of Corn, a 


| of goon A bad 3000 Sacks, B 2500 Sacks, and C 4500 Sacks, The Store was ſold 
200 bois Exam Off for 12700l. what is the Dividend of each? 


ple. It is manifeſt that in order to ſolve this Queſlicn, we ak divide 
| 12700. into Parts proportional to the Shares 3000 Sacks, 2500 Sacks, 
and 4500 Sacks of the Merchants m the Store; and that the whole 
. Number of Sacks is to their Produce, as each particular Number of 
Sacks is to the Dividend of each Merchant. 

I., therefore add together the three Numbers of Sacks of ona that 
c.ompoſe the Store, and there reſults 10000, Sacks of Corn, which 1s 
Worth 12700]. I then ſay, 


19. If 10000 Sacks are worth 12700, what will 3000 Sacks be worth ? 


B 3810), 
| - 4 10000 Sacks ere worth 127008. what will 2.500 Sack be worth ? 
B 3175/ | 


27% if 10000 Sacks are n 12 7000. what will 4500. Sacks be worth * 
8 1 | | 
_ 18 might have found the Dividend of the third Merchant C without 


employing the Rule of Three; for adding together the Dividends of 
the two firſt Merchants, 38100. and 31751. and ſubtraQting their Sum 
698 81. fram the Price of the whole Store 12700. the Remainder 57150. 
will Þe the Dividend of the third Merchant. 
. 
1 When it is required to find a great Number of nnn parts, it 
mme will be more commodious to inveſtigate the Part of the Number to be 
ous Method divided that correſponds to an Unit of the Number already divided, and 
of finding then multiply by this Part each Part of the Number already divided ; by 
tient Parts, this Means all the proportional Parts required will be obtained, without 
employing as many Rules of T hree as there. are N to be found. 


- 


Fl » 2 x q 1 = 
1 P 


ſhould baue a Share of the Gain proportional to their Shares in the Capital, 
and the Time of their Continuance in Trade ; the Dividend of each Merchant 


is required. 


à Share of 3000. in the 400000. the 3000. of this Merchant have been 


NUMERAL ARITHMETICK.. 5 765 


„ e eee e „ 
: Ty. 4 3 Ps Effch ould en ts 17391. Few. 9 1 * B N 
vidend thereof will fall to each of the VOY Creditors in Proportion to their 
reſpeflive dum: He owes 10 A-3131. 7s. 3d. to B 2900. 4. 6d. to C 700. 


10 D 4861. 137. 8d. 10 E Gool. Ks cool. to G 3811. 10s. and t H 180. 


To ſolve this Queſtion, I rſt find the Dividend for: u, by the follow.- 
ing Rule of Three. 

As the total Debt 3689“. 157 247 is to the whole Subje&t 1739! 13: hs 
ſo is 11. to 0,4714875, the Dividend for 1/. 

Whence the Dividend of A will be 3130. 75. 3d. X 4714875, that i is, 
1470 145, 1144. The Dividend of B will be 2900. 4s. 6d. K „4714876, 


that is, 136“. 16s: 9 3d; The Dividend of C will be 7000. X 4714875, 


that is, 330. 0s. 10d. The Dividend of D will be 4860. 138. 8d. X 471487 
that is, 229/. gs. 33d. The Dividend of E will be 500. X 44714875, 

that 1 is, 282/, 17s, 10 fd. The Dividend of F will be 5000. , 4714875, 

that is, 235/14. lo zd. The Dividend of G will be 381“. 10s: X,4 714875, _. 
that is, 1791. 17s, 54d. And the Dividend of H wil be Guy X 47 1575, LC 


that is, 197]. 1% 84% 


LEXXVL 4 400 
A Merchant put 40000, into Trade. At the Bud. of G Mouths - #- Brom 


| Merchant takes a Share of 25001. in the 40000. and at the End of ttuo other The com- 


pound Rule 


Months the firſt Merchant made over to a third* a Part 30004, % bit Share be of oe 5 


that remained in the Capital 400008." and'at the End of 6 other Mont hs there oy 
was a nett Gain of 18000l; Nou it wat agreed by the Parties, that each 2d 


* 


Since the Capital 40000 ay bow? 14 Months in Trade, TO oonſe- | +] 
quently has gained during thoſe 14 Months as much as 14 times 400007.” | 


would gain in one-Month, 5600007; may be conſidered as the Cauſe e 


the whole Gain. ; 
The ſecond Merchant baviok; at the End of 6-Moriths,. talen a Shile 
of 25008. in the 400007; the 2500). of this Merchant have been 8 Months 
in Trade, and conſequently will have gained during 8 Months as much 
as 8 times 2500. or 200007. would have gained in a Month; whence 
20000]. may be conſidered as the Cw 'of the aw of the ſecond 


Merchant, | 


The third. Mere having W at t the End of thee other. Months, : 


6 Months in Trade, and conſequently will have gained during 6 


Months as much as 6 times 30001. or 18000), in one Month; whence 


18000], may be con ſider ed as the Cauſe of his Gain, But the Cauſes. of. 


— 
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It appears Howe this Definition, that each of the Parts of the Al 


— — | to be vided will be found by the following Operation of the Rule of 


performing Three. 


ere. As the 8 already divided, is to one of its Parts; foi is the Number to 


be divided, to one of its Parts correſponding to the Part has bas irn taken for 
 fecond Term. | 

A Rule of Company may be either ſimple or n It is ſim- 
ple when the Rules of Three on which its Solution depends are ſimple, 


and is compound when thoſe Rules are compound. As the different 
Rules of Three have been ſufficiently explained, a few. Examples will 


be ſufficient to ſhew how oy Rule of Comps: either lupe or 
—_— is to be performed. | 
IXxXxIII. 


A . Fe M erchants, * B, C, were concerned in a ; St, yore of C on, 3 | 
of the * A bad 3000 Sacks, B 2500 Sacks, and C 4500 Sacks, . The Store. was ſold 
Bey vor off for 12700/. what is the Dividend of each? 

ple. It is manifeſt that in order to ſolve this Queſtion, we muſt divide 


12700. into Parts proportional to the Shares 3000 Sacks, 2500 Sacks, 
and 4500 Sacks of the Merchants im the Store; and that the whole 
Number of Sacks is to their Produce, as each particular Nember. of 


Sacks is to the Dividend of each Merchant. 


I therefore add together the three Numbers of Sacks of Corn that 


- compoſe the Store, and there reſults 10000 Sacks of Corn, which is 


wo.worth 12700). I then ſay, - 
| 1%. If 10000 Sacks are worth 12 700 , what will yen Sacks be worth ? 
N 38 100 


29. If 10000 Sacks are worth 12700ʃ. what will 2 500 Sacks he worth * 


n 


39. Y I0000 Sacks are worth 12700). what will 4 5ool. Sacks be worth * 


BY 
18 might tive found the Dividend Fr: the third Merchant C without 


employing the Rule of Three; for adding together the Dividends of 


the two firſt Merchants, 38100. and 3175). and ſubtraQting their Sum 


6985]. fram the Price of the whole Store 12700). the Remainder 57150 
will be the Dividend of the third Merchant. | 
LXXXIV. - 
When it is required to find a great Number of proportional Part, it 
will be more commodious to inveſtigate the Part of the Number to be 
ous Method divided that correſponds to an Unit of the Number already divided, and 


of findivs then multiply by this Part each Part of the Number already divided ; by 


8 this Means all the proportional Parts required will be obtained, without 


ren as many Rules of Three 3 as there. are * to be found. 


— 


* 
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NUMERAL ARITHMETICK.. 


IXxxv. * 
| tank a Banks Ps Eras ould amount to 1 1391 195. 8 1d. ht B 
vidend thereof will fall to each of the following Creditors in Proportion to their 
reſpective dum? He owes to A-3131. 77. 3d. to B 290l. 4s. 6d. to C o 


1 D 4861. 135. 8d. 10 E Gool. . 2 10s. and 10 H 418. 


To ſolve this Queſtion, I firſt ane the Dividend for 11. by the follow-- | 


ing Rule of Three. 


As the total Debt 36890. 187 5d. is to the whole Sobje& r739h 15. $49, 
ſo is 11. to 0,4714875, the Dividend for 11. 
Whence the Dividend of A will be 3137. 75. 3d. X 4714878, that i is, 


1471. 14%. 114d. The Dividend of B will be 2901. 45. 6d. K 4714878, 


that is, 136/. 166. 9 3d; The Dividend of C will be 7ool. X 4714875, 


that i is, 330). os. 10d. The Dividend of D will be 486J. 13s. 8d. X 34714875, 
that 1 is, 2201. ge. 32d. The Dividend of E will be 600. X „47148 75, 


that is, 282. 175, 10 fd. The Dividend of F will be 500. , 4714875, 
that is, 2350. 14. 10 5d, The Dividend of G will be 3811. los. X, 4714875, 
that is, 1791. 175. 55d. And the Dividend of H will be us X 47 14575, 
that i is, 1970 16. 84. 


LXXXVI. Leck | 
A Merchant put 40000, into Trade. At the Bud ef 6 Months @ lem” 


| Merchant takes a Share of 25000. in the: 40000/. and at the End of tuo other 


Months the firft Merchant made over to a third* a Part 3600! of bir Share Teure — 4 IF 


that remained in the Capital 40000), and at the End f 6 other Mont bs there ay, = 


4vas a nett Gain of 18000; Now it wat agreed by the Parties, that each 2d 
ſhould have a Share of the Gain proportional to their Shares in the Capital, 


and the Time of their Continuance in Trade; the Dividend of each Merchant 


is required. 
Since the Capital 40000 has been 14 Months in Trade, id conſe-- 


* 7 : . 


quently has gained during thoſe 14 Months as much as 14 times 


the whole Gain. 


The ſecond Merchant bavias; at the End of 6-Months, taken a Se j 
of 2500). in the 40000#; the 2500). of this Merchant have been 8 Months 
in Trade, and conſequently will have gained during 8 Months as much 


as 8 times 2500. or 20000. would have gained in a Month; whence 


20000). may be conſidered as the aue of the Gain of the ſecond 


Merchant. 


The third Wirt beving . at the End of two other Months, by 9H 
2 Share of 3000. in the 40000. the 30000. of this Merchant have been 


6 Months in Trade, and conſequently will have gained during 6 
Months as much as 6 times 3000/, or 18000), in one Month; whence 


| 18000/, may be conſidered as the Cauſe of his Gain, But the Cauſes. of. 


— 


would gain in one Month, eee my be confidere@ as the Cauſe of _ a 7 


| 
; 
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cond Merchant will be found by the following Rule of Three. 


fo is 20000). reduced Cauſe of the Gain of the ſecond Merchant, is to the Gain 
of this ſecond Merchant; which will be found to be 701 )J. 19s, od. 
The Gain of the third Merchant, who had 3ooo/. in Trade during 
6 Months, will be found by the following Proportion. 
As 560000). reduced Cauſe of the total Gain, is to the total Gain 18000!, 
fo is 18000). reduced Cauſe of the Gain of the third Merchant, to the Gain 
of this Merchant; which will be found to be 378“. 115. Sd. LH 


To obtain the Gain of the firſt Merchant, there is no Rule of Three 


required; becauſe, the ſecond having gained 642/. 17s. 15d. and the 
third 578/. 117. 55d; deduQting their Sum 12211. 8s. 6 5d. from the to- 


tal Gain, the Remainder will be the Gain of the firſt Merchant 


Fi, 750 9 opt ey 4.7: 50 PEESVIL -: | 
The Rule of falſe Poſition reſembles the Rule of Company, being 


The diffe- employed to divide a given Number, or a Part of a given Number, into 


2 e of Parts proportional to thoſe of another Number taken at Will, as the 


falſe Poi- Nature of the Queſtion may require. 


ion. The Computiſts - diſtinguiſh two Species of Rules of falſe Poſition, 


vi. the Rule of one falſe Poſition, and the Rule of two falſe Poſetions. 

' ... In the Rule of one falſe Poſition there is only one Suppoſition made 
of Parts, proportional to thoſe into which the propoſed Number is to be 
divided; but in the Rule of two falſe Suppoſitions there are two Sup- 

_ poſitions made, both falſe, whereby the true Parts of the propoſed Num- 
ber to be divided are diſcovered, tr ow Te 

x 2 | | " LEXLVIIE, 144 | 

Tn what te The Rule of one falſe Poſition conſiſting in aſſuming Parts propor- 

Rule of fin- tional to thoſe into which the propoſed Number is to be divided, thoſe 

le falſe ®o- ſuppoſed Parts form a falſe Poſition, as not being equal to the Parts into 
fiſts. which the propoſed Number ſhould be divided; but as thoſe ſuppoſed 
Parts are proportional to thoſe required, the Totality of thofe ſuppoſed 
Parts is to each of them in particular, as the Number given to be divi- 
died is to each of its Parts required. SE att: | 1 105 
Fo „LN IX. | LY 


4 Father dying, left bis Wife with Child, and an Eftate worth 20000. 


Lo; „ 03g to whom be bequeathed, if ſhe had à Son, 1 of bis Eflate, and 5 to the Son; 
falſe Poſi- but if ſbe bad a Daughter, + to ber, and 5 to ber Motber. It happened that 
tion explain ſhe had both a Son and a Daughter ; how ſball the Eftate be divided to anſwer 
ye. EE % Father”s Intention? e „„ oor 
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© the Gains are proportional to the Gains; whence the Gain of the ſe- 


1 560000“. reduced Cauſe of the whole Gain, is to the whole Gain 1 doo. 


TY Ww Wi 


y particular, as the Number 20000). is to each of its Parts required, The 


' $1428 2]. the 
Daughter 2857 71. 


| paſſed the firſt Day, the 4 the ſecond Day, and 6000 Men the third Day. 


-” 5 8 oP 


' Town the firſt Day will be expreſſed by 5, and the Part that paſſed the Af vals 


In a Rule of two falſe Poſitions, it is Queſtion. of dividing a Num- 


the two firſt and 41, over. © 


._ ws win» ut U 9 


cauſe thoſe Shares are not proportional to thoſe into which x20)..is to be 


* 
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: "NUMERAL ARITHMETICK, . 
As the Father plainly deſigned the Son to have double of the Mother's 
Part, and the Mother double of the Daughter's Part, therefore for 
every 1 the Daughter got the Mother muſt have 2, and the Son 43 
whence the Queſtion is reduced to divide 20000), into Parts proportional 
to.4, 2 and 1, ſaying, the Totality 7 of thoſe Parts is to each of them in 


Operation being performed, the Dividend of the Son will be found to be 
Dividend of the Mother 5714 74. and the Dividend of the 
An Army employed three Days to paſs thro) a Town : The + of the Army 


Number of Men the Army conſiſted of is required. | + (GG | 
Let the whole Army be expreſſed by 1, the Part that paſſed thro? the er 


ſecond Day will be expreſſed by 3. Thoſe two Parts, reduced to the falſe Poſi- 
ſame Denomination, will be à and 3, whoſe Sum is 5, which ſubtracted tion to ano- 
from the whole Army t, leaves 4 for the Part of the Army that paſſi _ tt 
thro? the Town the third Day. Now as the Parts are proportional to 
the wholes, I ſay, as 5, the Number expreſſing the Part of the Army 
that paſſed thro* the Town the third Day, is to r, the ſuppoſed Num- 
ber expreſſing the whole Army; ſo is 6000 Men, the real Part of the 
Army that paſſed thro? the Town the third Day, to 36000, the real Num- 
ber of Men that the Army conſiſted of. x bps "0:0, 
| „„ 4 Qt 


ber into two Parts, and to divide again one of thoſe Parts into Parts 
proportional to other ſuppoſed Parts. Thoſe two Diviſions require two 
falſe Suppoſitions, as will appear by the following Example. - 
Let it be propoſed to divide 1 20l. between three Perſons, fo that the firft The Rule 
may. have twice as much as the ſecond and 31, over, and the third as much as of double 
ou eq 
plained 
an Exarmp| . 


If the Share of the firft was ſuppoſed to be 11, the Share of the ſecond 
would be 51. and the Share of the third rol. conſequently the Totality of 
the Shares would be 16J/. Here is the firſt Suppoſition, which is falſe, 
not only becauſe the ſuppoſed Shares are not the real ones, but alſo be- 


divided ; for the two laſt ſuppoſed Shares include each two ether Parts, 
one of which is relative to the firſt Share 10. and the other is a determin- 
6 oft 0F ns OP „„ | 
The ſecond Share 5. for Example, is compoſed of two Parts, 2/. and 3/. 


— 


J 


ELEMENTS, Ee. 


one "of an Gould be double of the firſt ſuppoſed Bs a will 2 5 


its Value proportionally to the Variations made in the firſt Share 1/. 


-whilſt the ſecond Part 3/, is a determined Magnitude, which, will not be 


altered when the Value of the firſt Share 1/. is changed. 


Each Share being thus conſidered as compoſed. of two Parts, one of | 


which is relative to the firſt ſuppoſed Share, and the other is a determin- 


ed Quantity, we muſt examine which is the Portion of the Number 1200. 
containing the arts of the Shares . to the firſt ſuppoſed Share, 


and which is the Portion of the ſame Number 1200. that contains the 


determined Parts of thoſe Shares, and when this laſt Portion of 1200. is 
found, ſuhtract it from 120/. in order to obtain the former. | 


Jo determine this ſecond Portion of 1207. I make a ſecond Suppoſi- 
tion, in which the determined Parts 37. and 4/. do not enter, that 1 is, 1 


ä conſider the Queſtion as if it was propoſed thus: | 
25 divide 1201, among three Perſons, fo that the ſecond ſhall have twice as 


: 5 5 35 : 5 26 the 'firft, and the third as much as the two others. 


I ſuppoſe as before the Share of the firſt to be 17. conſequently that of 


an dhe ſecond will be 20, and that of the third will be 31. 


This ſecond Suppoſition is alſo falſe, not only becauſe the ſuppoſed 


Shares are not the real ones, but likewiſe becauſe they are Hot propor- 


tional to the Shares required. 

As the Shares taken in this ſecond Suppoſition do not Tollen the de- 

termined Parts 3. and 4. their Totality 60. will not contain the Reſult 

of thoſe two determine Parts, as the Totality 16]. of the Shares of the 

firſt. falſe Poſition does. On 
Wherefore, if the Sum 6/. of the three Shares of the ſecond Supps 


tion be dedutted from 16%. the Sum of the three Shares of the firſt Sup- 


poſition, the Remainder” 100. will be the Portion for which the deter- 
mined Parts 3]. and 4. enter into the Sum 1200. to be divided; whence 
© ng 10d. from 120k the Remainder 1100. will be the Portion that 
contains the Parts of the Shares relative to che firſt Share; ; whence to 
find the firſt Dividend, . ©. + 


I ſay, as the Sum 6. of the three ſuppoſed Shares, is to the firſt Share | 
I. ſo is 110). to the firſt Dividend 180 67. 806. 

The ſecond Dividend being equal to twice the firſt oh 31 beer, 

at be 391. 137. 44. and the third Dio N 1 to the two ert 8 


2d 40. on wal be 620. 4 5 : 
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per to ſhew how, they. formed the e Ales ſpecious Arithmetick. . 


| leaſt Tincture of f pong Arithmetick,-attempted to ſolve this Problem. gave prop. 


two would be immediately diſcovered; let us ſuppoſe, for Example, the *"*: 


| will conſequently be £275, and the firſt or greateſt 1 


their ANA with all the nee which had colidutted them to 


POO NOR » 0 n "Pe 6 p p 
8 4 mn n a fron ee 9 — — * . 3 ACE EINE 1 8 


r 
* N 2 2 
K 

4 WES 


1 ME N yo 8 


3 =_ 
8. A | 
PECIOUS. RITHMETICK:. 
— — 
1772 72 , 1 * N * N . N , * f , 6 8 
1 3 FF, ts Þ ESP Te. Les W. H A p 1 " Tc, « ; * 


0 the anal tick Method 0 expreſſi ng. Problems by. E . and 0 Th 
T 8 Os of 1 vations of the firſt Degree. : {of th 


NI ON G8 * the di Ferent Probleme which employed 'the firſt 
Shen called Analyſts, I chuſe the following, as the moſt E 44 


- 


Manner that the firſt may bave £1 180 more than the Heond, and the Jecond EO 120 f f | 


Li 15. more than the bird. 3 adobe: 


It is thus T imaging a: Perſon 5 Bk argued; who, without the is 05 9 


J divide a Sum, e, PHY, {890- between three Parſenss" in . 4 Example of 


It is manifeſt that if one of the three Parts was: known, the other ed to them 


third which is the leaſt to be known, "6 muſt add £115 to it, and this 888 9 
8 wk be. the Value of the N e 3. to obtain afterwards the yi Darts 2-1 4% 7 > 


« X75 


— 19 


A therefore this third] Fart. de what it will we 1 that this «Part, Arithmeticz- | 


I 


more 5 or more 777 8 is e to {890 . 
But, if the * e Triple of the Part ſought webe 410 Foy 3 to £8 O, oY 7 

Triple of "be Part ſought muſt be leſs than 90 by £410, therefore it is 
equal to (480, therefore the leaſt Part is wt to £160. The ſecond | 


It is probable the firſt Analyſts argued in this Manner when they pro- 


poſed to themſelves Queſtions of this Nature, without doubt in propor- 
tion as they advanced in the Solution of a Problem, they burthened 


8 | 


9 
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; 
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8 
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. 
4 
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Algebraic 
| Method of 


{4 equation is Caſe is 3 * ＋ 40 = 890 it is ſo 


includes. makes we 
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> whbnny moos —» 
prog the Point they had arrived at, and when the Problems were not more 


TheBign4. The ſecond conſequently, will be x more 115, which I denote thus, 


Sending © - x + 113 employing the Sign -＋ which ſignifies more to expreſs the Addi · 
dition. tion of the two Quantities between which it is placed. f 


+ t — — 


As to the firſt Part or greateſt, ſince it exceeds 
will be expreſſed by x + 115 + 180. 


Adding. thoſe three Parts we will haye 3.x + 115 +115 + 180, or 
hen reduced 3 x 4106. . 


1 1 But this Sum. of the three Parts ſhould be equal to 890, which I 


deligas E. expreſs thus 3 x + 410 = 890, employing the Symbol = which ſigni- 
þ quality. fies equal to denote the Equality of th Y 


e two Quantities between which it 


is placed. 


_ Anequation The Queftion therefore by this Computation is changed into another, 


Ae where it is required to find a Quantity, the Triple of which being ad- 
ä — ded to. 410 makes 890. To find the Reſolution of ſimilar Queſtions, is 
To ſolve an what is underſtood by ſolving an Equations the Equation in the preſent 
to find the called, becauſe it indicates the Equa- 


value of the lity. of two Quantities, .to. ſolve this Equation, is to find the Value of 


——4 1 the unknown Quantity x from this Condition that its Triple more 410 
ITY 1 F a . ; 75 ; | | 5 8 
III. | 


Reſolution © To ſolve this Equation the Analyſt argues and writes down his Are 


of the equa- puments as follows. The Equation to be ſolved 3x + 410= 8go, teaches 


tion which 


expreſſesthe us that we are to add 410 to 3 x to make up the Sum 890, wherefore 
| foregoing 3 & are leſs than 890 by.410, which I expreſs thus 3 x = 890 — 410 em- 
Problem. ploying the Sign — which ſignifies 14%, to denote that the. Quantity 


* 


| bags me which it precedes ſhould be ſubtracted from that which it follows. 
ſubtraction. From this new Equation 3 x = 890 — 410, we deduce, by ſubtracting 


in effect 4ro from 890, this other Equation 3 x 80. 


© iy ti, (ed: | 


the ſecond by 180, it 


— ww @- 7 
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remains of 9600 when 1400 has: been fu 


Ont Omer aeiy” 


1 E06 & "VR DUM T1 
Bor if ce be equal to 480 | > £ 


G e part ef 480 
bor 160, which 1 write down thus, x = 4 160; and the — 


er ſince it Tafſices to know one of the Patty 0 diſcover” the-reſt. 
5 5 A 13-72 | 
If wei were deſirous of ſolving the Queſtion inveſtign the gre Another ſo- 
ot Part firſt, we might effect it in like en * > mg 
Let this firſt, Part be expreſſed by 5, the ſecond ha having 160 leſs, will Problem," . 
bey — 1805 and the third having 115 leſs than the ſecond, will a SH 
— 180 — 115. 
2 Nowy the Sum of thoſe theee Quantities is 33 — - 180 - — 180 — ins, 
that is, 3 y — 475. 1 8 
But this Sum ould be equa wal to 390, | 
We have therefore the tion 35 — 47 5 = 890, by which. we 


king that 3 y exceeds 890 by 475, fince we daun ſubtract 475 from 35. 


to obtain 890. Wherefore 3 5 2890 ＋ 4/5, or 37= 2 = 196%. | Where- 15 


? tore y or the anteil Fart 455, 25 found above... | | Hah, 
M. 5 


lt in the Problem it wii propofed to iv ide a Burk W a: 


| the one employed, and that the Differences were Numbers different 


from thoſe made uſe of, it is manifeſt it would be ſolved after the ſame 
Manner. Let us fuppoſe, for Example, the Problem to have been ex- 


Preſſed hun. 193 5 
To divide 9600 Ude Perfonr, in bes + Mamier Hit the fir pane: 
may have 300. more than the ſecond, and the fecond: 250 more Iban the tbird, foregoing. 


ain the third 200 more than the fou#th. | — | 
We would have argued after the following Manner: Let the four tn 
Part be x; the third will be x + 200, the ſecond x * 200 + 250, and. 


the firſt L 200 + 250 + 300. 


Aut the dum of all” thoſe Parte mould be equal to 9600, ve hive 0 


merefore the Equation 4 * ＋ 14 o 9800. 


To ſolve his Equation, 'I- — as in the foregoing, that ” to * 
1400 is to be added to make it equal to — 5 it muſt be equal to what 
Red from it, whieh i is wrote- 

down thus, 4 x.= 9600 — 1400, or 4 * = 8200. 5 A 
But if four & de e equal to 8200, one x will be equal to the: fourth Part 


| of 9200, that is, ie 2 1329-2036; the leaſt Part x being krown, che 


other Parts will be immediately. gs the third = 1 3 223 
anf = 2500, and the firſt 2800. : has 
The Problem may be ſtill ed, and yet fi 2 1054 upon ek * 


| Principles 3 ; Let us Poppe, for Example; that it was expreſſed thus. Third eam 


177 Bode 5500 into t Parti, fo # at the ft min bas a -thirdl more Fees 8 
than the ſecond, together with 180, poet y | | Problems 


* 


i 


=> 1 „ ELEMENTS OF 


, the firſt will bex +2 x +. 180. Now as their Sum ſhould be equal 
to 5500, we will have the Equation. 2 x + 3 I x + 180 = 5500.) /- 


Will be 4 x, becauſe two Integers is equal to fix thirds, and conſequently 


| foregoing Equation' is reduced to 3 7.x + 180:= $500, which by the 

Jame Reaſoning. employed in the foregoing Examples will become 
5 x 5500 — 180, or + & 5320. 

Now if the third Part of 7 * be 5 320, the whole Ix will be three 


3 Sign X to denote the Multiplication of the two Quantities it ſeparates. 
tiplication. een, inſtead of 7x 5320 N 85 it ſuffices 4 write Jax = 
15960, which reſults on multiplying in Effect 5320 by 


Value of the ſecond Pert. 

The firſt Part will be readily found, ſince we have only to add to this 
Quantity 2280 its third Part 750 and 180 more, agreeable to 'the Con- 
ditions, and we will have 3220 for this firſt Part. 

Heginners may exerciſe themſelves in varying ſtill more the Ex 3 
of the foregoing Problem, and ſolving i it in the different Caſes the may 


ently; for their Trouble. For their further Aſſiſtance, I ſhall _ 
another Problem, in ſeveral e ſimilar to the former. 


A new pro- Three Merchants form a Society, — firſt fu urniſbes £1 7000, the ſecond 


"Nw - 2 I zooo, the third {10000 ; but as they have Need of a Perſon to tranſact the 


foregoing. take on himſelf this Trouble, vn Condition of being, allowed 3 > Cent on the 


amounts to. 100000, it is required to determine the Share of each, 
Let the Part of the firſt be x. 


The ſecond having.furniſhed leſs in the Ratio of 13 to 17 mould have 


a Sum leſs in this ſame Ratio, that is, only 15 
The third, ſuppoſing he received only a — proportioned to what he 


furniſhed, would have. the ten 1 2ths of the firſt, but as he is to have be- 


= ſides 3 per Cent upon the whole Profit, that 1 1s £3000 his. . will be 
„* + 3000. 


And as the Sum of thoſe three Parts ſhould be £ r08000, we will 3 : 


x ＋ 75 x +. 42 x. + 3000 = 100000, or x ＋ 7+ # * 97000. 
To | diſengage the unknown Quantity in this Equation, I obſerve, 


e Shue: e 
To ſolve this Equation, I firſt add 2 x & 4 x together, and their Ban 


thoſe two Integers with one third n up ſeven thirds. Wherefore the 


who fien > Times that Sum, which I expreſs thus, 7 x = 5320 & 3e mploying = 


And by the Means of this new Equation we have x = S 11962. 3 ä 


imagine, the Readineſs they will acquire will recompence them ſuffici- 


with the Buſi "0 attending their Commerce, he who furniſbed {10000, - is ſatisfied to 


whole Profit that will ariſe more than the refl : It happens that this Nui | 


{| — that x + x + if or r * ＋ * 17 x is the ſame. 1 1 1 


wm 


to Beginners, and perhaps can be learne 
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wherefore +5 x = 97000, or 40 * = 97000 x17, or 40 #1649000, © 


or * = £49022 = 4122 


= | | "76 0 SE de won 8 144 25 
The Share of the fr being found, that of the ſecond expreſſed by 
3F &, will be 3 X 41225, that is 31525, that of the third expreſſed by 


— 


37 x + 3000 will be 37 & 41225 ＋ 3000 = 27250. 
„„ e ee | 


7. 
em 


the ſecond It is Queſtion of bringing the unknown Quantity to one 


onpiotog the ſame Quantity two different Ways. 7 


Side of the Equation, leaving only known Qyantities on the other. 


The firſt of thoſe two Parts is not re reduced to precepts intelligible 
d only by Examples. 

As to the ſecond Part, it may be explained with much greater Eaſe, after 

a general Manner. . „ N 


IX. | Wy 
In the Queſtions which we have already ſolved, we arrived at Equa- 
tions, in which the unknown Quantity was affected only by the Multi- 


Plication or Diviſion of known Numbers ; theſe Kinds of Equations are 


called Equations of the firſt ' Degree, ſuch are 2x — 10 = 56, 
3x+15=x— 75 x - 30, &c. and the Problems which lead to thoſe 


Equations, are called Problems of the firſt Degree. _ | 
They are ſo called to diſtinguiſh them from thoſe in which-the un- 


known Quantity is raiſed to the Square, Cube, &c. which are ſaid to be 
of the ſecond Degree if the unknown —_— be ſquared; &c. | 


Let it be propoſed, for Example, to find a Number, the Triple of 


which being added to its Square, will be 65, the Problem to be ſolved 
in this Caſe is of the ſecond Degree, and the Equation 3 x +'x x = 65, 


(in which x x denotes the Square of x) which expreſſes the Conditions 


of this Problem is an Equation of the ſecond Degree. : 


I) be firſt Analyſts could not have attained to the Reſolution of thoſe 
Equations till they had been a long Time exerciſed in ſolving Equations 


of the firſt Degree. We ſhall therefore proceed to inveſtigate the Rules 


which thoſe require. 


. 5 thoſe two Problems the Readers may form ſome Notion of oy The analy- 
ous Arithmetick, they learn that in general the Solution of a Probl 
conſiſts of two Parts, in the firſt the Analyſt expreſſes by a Letter as x 
er y, &c. the unknown Quantity ſought, or one of thoſe which when 
known, ſerves to determine the reſt, he afterwards endeavours to arrive 
at an Equation including the unknown Quantity, which is effected by 


tick ſolution 


of a problem 


conſiſts of 
two parts, 


In the firſt 
the problem 


is expreſſed 
by an equa- 


tion. 
In the ſe- 


cond the 
uation is 
ſolved, 


Equations. 
of the firſt. 
degree are 
thoſe in 


which the 
unknown 


quantity is. 


only multi- 


plied or di- 
vided 'by © 
knownquan 
titles. 
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To find them, let us firſt reſume the Equation 4 x + 1400 = 9600 


treated Art. v. which is compoſed of three Terms, 4 x, 1400, 9600 The terms 

(thus are called all the Parts of an erg ſeparated from each other of an equa- 
by the Signs + or —) and let us' obſerve, that by the ſame Reaſoning, 

by which we deduced 4 x = 9600 == 1400, we may in all Kinds of 


tion 15 its 
parts ſepe« 
rated by the 


| * 2 
a "= 
e 75 
* L ,. > 
* 7 3 - 42 * 
29 33 
1 8 * x % 
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— any Tr preceded by — FR . 
— Ee 


2 it over to the other Side of the gr =by giving it 22 X — 1 
for Example, 50+ %f x =; x T 30, we may carry t erm 22 
over to = 5 e. vis it the Sign — and write down the Fs 
tion thus, 50 =5x +30 =P x; for we may ſay, as in Art. v. that 
ſince 2 x is to be added to 50 to make it equal td the Quantity 
5 x F 30, therefore 3; mull be ſeſs than 82 * TN the Quaintity T 5 
that is, it muſt be equal to 5 * ＋ 30 * 


We may in like Manner as we found, Att. 111, that the e 5 


35-8 890 was changed into 3 = 890 + 475, we my, I fay, per- 


| ceive that in general, the Terms which have the Sign — on one Side of 
the Sign of Equality, may be carried over to the other, by giving them 


the Sign +. If we had, for Example, 2 6x DNK, we would 
conelude that 32=6x+9x+119. r if 32 ſhould be diminiſhed b 
6 x to equal & +119, 8 N pngs 121 *, that is, it 18 
| ys conteſt gx + 119. 
x1. 


Any ters Hence there reſults this general Principle for all. 8 that we 


are Hae bag may carry over what 'Terms we pleaſe from one Side of the Equation to 


ried over 


from ene the other, provided we change their Signs. Now this Principle is of 


fide of Ws infinite Uſe, in as much as it ſaves a great deal of Reaſoning. 


equation to 
the other on II. 


elanginights | By its Means we may change any Equtziion into another, in which 
* : N in one of the Members 
K enim of the Equation, the Terms affected by x, and on the other Side of the 


_ Equationare Sign ==, that is, in the other Member of the Equation the Terms which 


die two parts gre entirely known. 
een Let, for Example, che Equation 8:x +130 4 K 4. 460 be given; 
1 dduce from it 8 K - K 250 — 30; in like Manner from 
60 — 4 * = 250 - xz 1 deduce} x — 4 x = 250 — 60, and ſo of any 
other Equation. . 


When after the neceſſary Tranſpoſitions we have carried over all the 


Terms 2 by x to one Side of the Equation, and the known Terms 
to the other; what moſt naturally occurs, is to reduce each of the two 
Members of ihe Equation to its moſt firapte Expreſſion. Let, for Ex- 
ample, the Equation 6 π - 4 2 250 — 40 be given; I reduce it to 
* x = 220, by taking away in effect 30 from 250, and from 8 x, 
or from & which is equa] to it. The Equation 4x — 4 x = 250 — 60 
will be reduced to 22 x 190, becaufe I * and 4 & brought to the fame 
Denomination become ; * and 3+ x whoſe Dieren is 42 15 and r 
aun 60 from 250 there remains «oa 
IV. 


By Ginilar ReduRtions 1 Degre dwver ech 
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nal, d 
| yl Bs 4.x 5320 and ſolved in the Articles V and vl. 


ſame Number ſhould os, the. ſame. Pr 


e other a Term my known; ſuch are the Kae 


Let us now- reſume what we have ſaid concerning thoſe Equations, in in 
Een to deduce from thence general Principles «pplicable. to. all other 
quations. TEE 


W the Equation, 4x = = $8200 we deduced x — = S000. kak 4 x | Modked e 


equal to_3209, it follawed that one 4 muſt. be the fourth Part e the 
rr 4 from this Reaſoning, and from thoſe which may be framed in dor wih 
dle Manner for other Numbers, of x, we deduce this general Principle, affects the 
that the Multiplier which affects the unknown Quantity in one of the v2known 
Members of he Equation may be taken aways N n it ſerve a as a appear. 
Diviſor to the other MOON. „ 
xv. 


From the Equation + * = 5320- we deduced 7 K* =3X 1 YI Method 11 8 
ing that if the third Part of 22 equal to 5 320, the whole 7 * muſt 4 ths, 


be equal to three Times that Sum. From whence we deduce this general which af. 
Principle, that the Diviſor which. affects the unknown Quantity in a fects the _ 


+ unknown 


Member of an Equation may be taken away by e it ſerve 1 LIE. 
8 Multipher to the other Member. * quanti tye 


5 — 
XVI. 34 


With thoſe Rules we are epabled. to. ſolre all Kinds of Equations of 


| the firſt Degree. To exerciſe B inners here are ſome Examples. r plevor 


2 x — 90 +43 x =$x 32 is changed by Tranſpoſition i into 


equations of 


$x TI x =90 — — $2,.and by Reduction becomes 3 X— + g, the firlt de- 
Ars , g, or . g, or 8x=8 X15, or infige 455 = 1. Ee few, 


In like Manner . J + g =x*x—10 by Tranſpoſition i is cha * 
to e x =10 + 9s or 3 — . 19, or r * 19, WAA, = 399. 28885 
Di Fx = 40 — 1 * 60 — „, b Tranſpoſition becomes 


3 OT x+ F x = 100, which by reducing firſt, 3 & + to the ſame Deno- 


minator, becomes 4 x — 77 x =+100, and by reducing Z &. Te to 8 
Deneminator, becomes 775 K 100, or x = 5435= 
XVII. 
Inſtead of reducing all the Fractions to the ſame 8 al 
the Diviſors of the Equation may be made to vaniſh. one after the other, 
by the following Method, which muſt have ſoon occurred to thoſe who 


firſt handled theſe Kinds of. Equations. 


Let the for ing Example 3.x. A* + „ o ba reſume it is 
manifeſt that lee two Members of this Tate be. ary by 9, _ * 
the two Products will be the ſame; for e Quantities multiplied by the f2ions of 
_ we will. have by this Mul- 1 

tiplication & = co, which on Account of 7? * 


quantity diſ- 


bs, ail by ohapged into Pe hers, \ coin pkg of.t to Te erms, 0 2 "I, 3 . i 
Bro dae of 4. of a certain Number of x, either integral or _— — —_ 
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„„ r „ 
is reduced to 2ͤ —2 x + Þ x = 900, in which. the Diviſor 9 has va- 
niſned, and it is eaſy to.perceive that it ſhould neceſſarily do fo; for 2 of 
any Quantity whatſoever multiplied by 9 ſhould give 2 Integers of this 
Quantity. To make 4 vaniſh in the ſame Manner, I multiply alt the 
Terms of the Equation by 4, only obſerving that with Reſpect to the 
Ferm 2 x, the Multiplication by 4 is performed by taking away the De- 
nominator 4. Hence there reſults 8 x — 9g x + = x = 3600, or 
M —x = 3600, which by multiplying the two Members by 5, will 
become 252 * — 5 x = 28000, or 247 x = 18000, or x = 2292 
The general Zart 4 which reſults from hence, is that to make a Di- 
viſor of a Term vanifh, we have only to multiply all the other Terms 
by the Diviſor, and take it away from the Term it affecks. 
| wu... | 
3 We may find another Method for taking away all the Diviſors at once, 
method buy obſerving that if we multiply all the Terms by the ſame Number di- 
een viſible by each of thoſe Diviſors, each Term will be reduced. If we mul- 
male ic tiply, for Example, the Equation Z x — * x + 7 x = 100 by 180, which. 
appear all at is diviſible by 9, by 4, and by 5, we will have 252 x — 2? x þ £2 x 
e = 18000, or 40 x — 45 K 252 x 18000, or 247 x = 18000. | 
Now to find this Number which may be diviſible by all the Diviſors, 
we have only to multiply ſucceſſively thoſe Diviſors into each other.. Let 
the Diviſors of the Equation 4 x + 4 x = 160 — 5 x be propoſed tobe 
taken away. I firſt multiply 3 by 5, and afterwards their Product 15 by 
7, which gives 105 ſor the Number diviſible by 3, 5, 7 ; this Number 
being found, I multiply the whole Equation by it, which gives me 
Z x + = x = 16800 — x, or 245 x + 21 x = 16800 — 30 x. 
Io render this Operation more comodious, inſtead of forming the 
Product 105 of the three Diviſors, it ſuffices to write it down thus, 


3X 5X 7, and then we will have 2 X RS 4 * D 1 
FXERXIXA 


14 F 1 


wy 8 rr m»% 4 


mi 


r 


160 * 3 XS X.7 — *, where we ſee by Inſpection, | 


that the Number 3 ſhould vaniſh in the Numerator of the firſt Fraction, „ 
becauſe the Diviſion by 3 ſhould be deſtroyed by the Multiplication - by 1 
35 it is the ſame with Reſpect to 5 and 7, which are at the ſame Time 2 
in the Numerators and Denominators of the other Fractionss. be 
By this Means we arrive at the Equation 7X5 X'7 x + 7 X 3 x= I 
160 X3X5 X/ —22X3X5 x, which after performing the Multipli- 1s 
cations indicated by the Signs x, becomes 245 X ＋ 21 x 16800 — 3o x | 
delivered from FraQtions. | . 5 . N 


%% 7. 
Io follow in the moſt likely Manner poſſible the Order of the Inven- 
tors, we ſhall dwell no longer on the Method of diſengaging the un- 
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„ ECHO US ARITHMETICE. „ | 
8 | known vantity, but. return to the Manner of .reducin; Problems to 5 N 
7 Equations. The Reſolution of Equations might, independent of the Pro- 


ti BH  blems to which they relate, employ the firſt! Analyſts when-this Science 
* . Had been advanced do a certain Point, but it is tobe preſumed that thoſe | 


0 who layed the Foundations of it, only examined Equations as they rela- — 
8 ted to Pr oblems, theſe being the Concluſions to which Problems were to = 
S be brought. Beſides, there ſometimes occur Complications in Equations | 220 


Il. 'L  which had never been thought of, if che Nature of the Problems ſought 
8 had not pointed them out. 
We cannot explain more fully, the Maader r rediding:Probletdis to 


5 Equations, than has been already done, Art. viii. but will proceed to 
give ſeveral Examples in order to render this Reſearch familiar to Begin- 
ners. 
=. To pay a certain Number of Workmen at the Rate of C3 each, {8 * Third Pro- 
1 | | qvanting to the Porſon who employed ibem, but en giving them Ca each" be blem. 
4 1 Has z left, it is required to determine how much Maney be had, _ - 
Pa | | Let x expreſs'the Number of Pounds which this Man poſſeſſes, where- | = 
Th fore x + 8 will be the Sum ſufficient to pay all the Workmen at the * 8 
> Rate of {3 each; and ſince the Number of Workmen ſhould de three P 
1 Times leſs than that which is expreſſed by this Sum, it will be expreſſed 1. e = 
[2 . | - 
K | by the third Part of æ + 8, which is denoted thus, —— ſor in ſpeci- he- 
* - WW © ous as in numeral Arithmetick, a Line placed between two Quantreies eee VVV 1 
: 8 1 indicates the Diviſion of the ſay perior Quantity by the inferior. indicate di- " 
_ Moreover, ſince there on tvs L3.after £2 has been given to each viſion. _ 
5 Man, „ — 3 will be the Sum ſufficient to pay all the Workmen at this _— 
A rate. Wherefore — will denote the Number of Workman, but "= 
1s, ſince we have two Vatyes of the fame Anion? they mult he equal, . | Y | 
= the Problem is Therefore” Fee to the Reſolution "of this' Lquation | ,.._ $1 
24 . Ee, = £3. | e 4 | 4 
R Wee u Eg üeBen 1 W wks! te Divifor 2 a cf he Member - 1 
by = = Sa, diſappear, by. axultiplyipg; the other Meder by thi lame Num- +6 J 
ne | oy 6 324 | ( | | 2 | 
| 155 2, which will change the Equation inio/x, — 3 2 N | 
fl. is manifeſt that the Double of — 16 * — — andthas che Double '& - [ 
do _ 
_ La vb 2 will be =- AE — "for; the ſane Reaſon that 2 * + 46 is double b 5 Bo 
FA of x+8. Tafterwards make the Bivitor 3 dir is the Fquation — 
0 . | 3 


as.” | Ih ELEMENTS or. 


2 . 2 =x EE 3.1 by multiplying the ſecond Member by 3 and taking 


9 85 
« away "Faq the firſt, which will give 2 x'+ 16 = 3 x — 9, or x = 25. 
If we would know how many Workmen there were, we muſt take 


one of the two teen — or —— od - 4 found for this Number, | 


\ 


EEE; for TRI | Now *M Hz 1750 „3 will be 22, and conſe. 


quent £ will be === 11 Number of Workmen fought, 
| xx. 55 | 
OE 5 v0 be olifirved-with Reſpe& to the "EM — ——— 24. 


chat it is not permitted in order to apply the Rule of Art. x1. to ok 
- the Side and 1 1 of the Quantities — 3 and + 8, and write the Equa- 


tion ibn = = e becauſe the Number — z is not, properly 
ſpeaking, A Term of the firſt Member, but only a Term of its Dividend 
* 2 33 ; the Quantity ——> being in Reality only one Term of the 


Equation, as alſo — e : To apply therefore the Rule of Art. x1. we 


muſt firſt take, as oath: by. the Number 2 which is under the firſt 


Bar, the Half of x — 3 which will be 4 x — ; afterwards we muſt 
take, on Account of 3 which is under the 1. at, the third Part of 
x + 8 which will be 3 .* ＋ 4 Then equalling thoſe two Quantities we 
will have the Equation à x —4=4 x +7 x in which we may. make what 
Tran poſitions we pleaſe.” | h 


5 


ROS © + NES 
Another c- The "ral OR Problem may be alſo. ſolved. aber the following 3 


Me y expreſs the Number of Workmen, 3 y will be the Sum of Mo- 


ſame prob- 


lem. ney which ſhould be diſtributed among them at,, the Rate of C3 each. 


But £8: is wanting to ſatisfy them at this Price: Wherefore 33 — 8 is 
the Sum of Money which their Employer poſſeſſes. 

On the other Hand 2 5 will be the Sum ſufficient: to y the Work- 
men at the Rate of £2 each, and in this Caſe there will remain £3 


Wherefore.2 y + 3 is another Expreſſion of the — which their Em- 


poſſeſſes. 


plovyer 

5 We muſt therefore equal the two Haines 4 2y * 3 and 3 — 8, 
or what amounts to the ſame, we muſt ſolve the Equation 
25 ＋ 32358 to obtain the Value of y. Which being dose by the 


foregoing Principles, 11 will be g for 75 that i is, for the Nember of 
W orkmen VEQUIFET.” * ; | 
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sPECIOUS ARITHMETICK _ 
. 1 VVV 3 . 
A Meſſenger being departed 9 Hours from a certain Place, travelling at 


_ the Rate of 5 Miles in 2 Hours, another Meſſenger is ſent after bim, 


Fourth pro- | 
blem. 


who travels at the Rate of 11 Miles in 3 Hours ; it is required to find aubat 


Number of Miles the ſecond Meſſenger will ride before be overtakes the firſt, 
Let x be this Number of Miles, it is manifeſt that this Diſtance 
ſhould be equal to the Number of Miles which the firft Meſſenger made 
during his 9 Hours of Advance, together with what he made whilſt the 
ſecond Meſſenger is on Rout. I inveſtigate firſt the Number of Miles 


- travelled by the firſt Meſſenger in 9 Hours, by the following Proportion 


or Rule of Three. 


As 2 Hours are to 5 Miles, ſo 9 Hours are to a fourth Term, which, 


ing the ſecond Term 5 of the Proportion by the third 9, and dividing 
their Product by the firſt 2; and which conſequently will be Mp; 7 Num- 


ber of Miles made by the firſt Meſſenger in 9 Hours, 


But as the Analyſts always endeavour to expreſs their Operations in 
the moſt conciſe Manner; they denote this Proportion thus; 


Hours. Miles. Hours. Miles. | 


„% 3.5 _=--.9. :. =: the Signs: Serving, one to compare 


2 to 5 and the other 9 to , and the Sign = ſerving to denote the Equa- _ 
- lity which ſubſiſts between the Ratios of 2 to 5 and that of g to. 


To find afterwards the Diſtance rode by the ſame Meſſenger during 
the Time the ſecond Meſſenger travels the Number of Miles x, I in- 


veſtigate, firſt, the Time which the ſecond Meſſenger takes to travel the 
Diſtance x, by Means of the following Proportion 


Miles. Fours. Miles. Hours. | | th. 46 : 

1 21 3 =: .:' x. Whey withottt embarraſſing our- 
ſelves about the Number of Miles expreſſed by x, we learn that it ſuf- 
fices to multiply this Number by 3 and divide it by 11, to obtain the 


Number of Hours employed by the ſecond Meſſenger in travelling the 
Number of Miles x. Es | N 


Nom without minding whether the Number of Hours expreſſed by 


1 
2 2 *. 


PF. EE OT ot. | 3 1 
The Gan Term of which 24 x expreſſes the Number of Miles tra- 


 welled by the firſt Meſſenger in the Time Er x, that is, before he has 
been overtaken. /'_ . | ae mak 


By this Means we have the ſame Quantity expreſſed two different 


fame Meſſenger muſt have travelled, before he was overtaken. _ 


— 


according to the known Rules of Arithmetick, is obtained by multiply- 


Manner of 


expreſſing 
rtions 
41 


arithmetick 


Fr be known, or unknown, I make the following Proportion; 
| Hows, | Miles. _  . , Hows, ies, „ . 


Ways; for the Diſtance rode hy the ſecond Meſſenger is firſt expreſſed 
by x, ſecondly it is the Sum of Miles which the firſt Meſſenger 
had travelled before the other had ſet out, and of 45 x Miles which this 


2 
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71 * 


Egqualling therefore thoſe two Expfeſſions we will have the Equation 


. 


H=E Þ 32x which by the foregoing Rufe gives #= 70 + 4. 


„ 


* 


tt che fault Nreſſenger, Beſides the Advantäge he has of having ſet 
out fooner, has alſo that of having ſet out from a Place more advanced, 


the Problem though more complicated, will be eaſily reduced to the fame 
Principles. „ 8 THis”. 


Let the firſt eſlenger, for Example, going to Londonderry, ſet out 


from Caſhel on Monday at 8 in the Afternoon, travelling at the Rate of 


7 Miles in 3 Hours, and the ſecond Meſſenger purſuing the firſt ſet out 
on Tueſday at 10 in the Morning from Cork, ſuppoſed to be 34 Miles 
diſtant from Caſhe1, travelling at the Rate of- 13 Miles in 4 Hours, it 


zs required to find what Number of Miles the ſecond Meſſenger will 


ride before he overtakes the firſt. 0 FFF 
To ſolve this Problem, we muſt take the Difference between 8 in the 
Afternoon and 10 in the Morning, which is 14 Hours; and as the firſt 


trabels 7 Miles in 3 Hours, we will have by the following Rule of three; 


eee MAR! eee, ͤ ee US 
| * , which being added to 34 Miles of 


ä it Io, | | 
dries will give 34 + or 226 Miles for the Diſtance of the firſt 
Meſſenger from Cort, when the ſecond ſet out. I afterwards make as 


2 | : Miles. Hours. Miles. Hours, 
above the following Proportion; 13 7 4 = «„ 2 Fr 
Namber of Hours in which the esd Meſſenger travels the Diſtance x. 

But during this fame Number of Hours, the firſt Meſſenger would 


have travelled a Number of Miles with will be found thus 


Hours. Miles. Rears. Mitts. | c ä 
Jer. We will har therefore 
the following Equation, x g x + 32, from whence is deduced, by 
the Rules explained above x = 236: + £4, Number of Miles travelled 
by the ſecond Meffenger before he overtakes the firſt 
; | XXIV. % Þ TATITEFE; 
As ſoon as the firſt Analyſts had found ont the Solution of any in- 
tereſting Problem, they did not fail of making ſeveral Applications by 
varying the Numbers given in thofe Problems. For Example, they would 


have repeated ſeveral Times the foregoing Queſtion; by y*tying the Ra- 


tio of the Velocities of the Meſfengers, and the Diſtances of the Places 
from each'sther they fet out from. In thoſe different Applications; they 

erceived that a Part of the Operation was repeated in each particular 
Example of the fame Problem, vi, might be performed once for all 
by inveſtigating a Solution which was not reſtrained to any particular 


Number, but applicable to every Number given. To explain what 
they imagined in this Reſpect we will reſume the foregoing Problem, 
and treat if after as gerterkl a Manner as poſſibly we cin. 


* 


EY 2 2 
* 


r 7 ig 
on || © Let the Diſtance of the Meſſengers from each other be exprefie by General 
x a, when the Queſtion. is brought to a Concluſion, we may make this ſolution of 


* Letter repreſent any Number of Miles we pleaſe. _ — — ot 
ſet Let the Number of Heurs which the Departure of the firſt Meſſen- 
d, ger precedes that of the ſecond be expreſſed by the Letter 5. „ 
ne Let the Velocity of the firſt Meſfen zer be ſuch that he travels the 
Number of Miles c in the Number of Hours d. | © "a 
ut | Let the Velocity of--the ſecond Meſſenger be ſuch that he travels the 
of Number of Miles e in the Number of. Hours 7. 
ut Finally, let the Number of Miles which the ſecond Meſſenger tra- 
les vels before he overtakes the firſt be expreſſed by x. 5 | 
it It is uſual in Specious Arithmetick to expreſs the known Quantities The firſt let 
11} - by the firſt. Letters of the Alphabet a, ö, c, &c. and the Quantities T 1 
| ought by-the Taſt 55:2 , ats ett th 5 N 
he ＋ o find now, according to the Method purſued in the foregoing Ex- the known | 45 
rt ample, the Number of Miles travelled by the firſt Meſſenger in the r bn 
e; Number of Hours 5, we muſt inveſtigate the fourth Term of a Propor- e 7 
py tion, of which the firſt Term is the Number of Hours d, the ſecond the voknown - 
87 Number of Miles c, the third the Number of Hours 3, and it is mani- 
ſt feſt that this Operation will be performed, as in all other Rules of three, 7 
op by multiplying the ſecond and third Ferm, one by the other, and dividing. _ + 
urs, N | 8. "0 
Th their Product by the firſt Term. 1 51 | 2 
he As to the Manner of expreſſing the Product of thoſe 'Ferms which Lettes 
3 are no more as heretofore Numbers, but Letters adapted to expreſs any Which fol- 
Numbers, what has appeared the moſt ſimple, is to place the Letters eter ng 
to be multiplied, beſide each other; with Reſpect to Diviſion, we have out having 
Tre ſeen already that in ſpecious as in numeral Arithmetick, a Bar is placed —_ 5 
by between the Quantities to be divided. — e 
led | Buy this Means the foregoing Proportion is wrote down thus, bdered wa 
| Saad | 2 multiplied 
d: c = 5 L _ + 4 PI . 55 8 Oba, | | ei e. 
_- | Having therefore £5. to expreſs the Diſtance which the firſt Meffen- 
11 | ger travelled before the ſecond ſet out, if we add to it the Diſtance @ - "- 
. of the Places from whence they ſet out, we will have for the Number 9 
ces of Miles which the firſt Meſſenger is advanced at the Time of the De- | <- 25 
9 FF ** e % nn : 4 
ar To find afterwards the Diftance travelled by the firſt Meffenger- 
uur whilſt the other purſues him and rides x Miles, I firſt inveſtigate, as 
dat above, the Time in which the ſecond Meſſenger rides the Diftance æ, 


m, = by Means of the Proportion e F &: —— whoſe firſt Term is the 


1 


4H . 


LAY r 


Number of Miles e, the ſecond, the Number of Hours to the third the 35 


Number of Miles æ, and the fourth . the Time ſought. | 


Now, whatever be the Numberof Hours — which the ſecond Mel. 


ſenger employed to overtake the firſt, it is n if a Proportion be 
made of which the three firſt Terms are, 19. the Number of Hours 4: 


20. the Number of Miles c; 39. the Number, the fourth Term will 


be the Diſtance travelled by the firſt Meſſenger in the ſame Time that 


he ſecond travelled the Diſtance x. 


I write down this Pape thus d res = —— * * 2 Number 


of Miles travelled by the firſt Meſſenger in the Time the ſecond rides 


x Miles. 


But the Number of Miles travelled by the firſt Meſſenger together | 
with the Number of Miles a » 2 which he had advance, One: be 


_<qual to the Number of Miles cravelled by ſecond. 


We have therefore the Equation x = a ++ c * Nowrecol- 


Fr” 
 1eRing the Wan on Fractions, I find that to multiply a Fraftion as 


2 by 4 we are to multiply the Numerator by this Number and write 


down _ or F. in like Manner to multiply - Le by. c we muſt mul- ps 


' tiply c by x! x which gives EF for c X 7, Ie 4 appears chat to di- 


vide a Fraction as 3 by any Number as 6, we are to multiply the De- 


mominator 3 by this Number 6, and write down 1 or 55. In like 
Manner to divide the Fradtion * * by d, we muſt write down 2 


Having thus chapged the foregn Expreſſion c xL=im into — 9 the 


oe 
8 1 - 


| Equation to be ſolved will be x = + 2. 2 e . 


requires we ſhould begin as has been taught Art. x vin. by multiplying 


all the Terms, except the laſt, by the Diviſor de in En 55 take it 


away from this Term. 1 3 
de 


By this en we ſhall hav A ex=a 7. - * 7 | 
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SPECIeus ARITHMETICK i MM 
erde de ee +ef x, becauſe r is the ſame as bo, i: 
ae the Quantity b c e remains the ſame when multiplied and divided: 
8 W the, Term c f over to the firſt Member, we will have 
ie %% ¾%]¹o-T2 ¶ · 
In order to find x in this Equation, I obſerve that if the Numbers 
de and c f which expreſs. how often x is contained in the Ferms de x 
and cf were known, we would ſabtra& the ſecond from the firſt, and: 
the Remainder which would expreſs the Quantity of x contained in the 
_ firſt Member of the Equation; would ſerve as a Diviſor to the ſecond 
Member, to obtain the Value of x. But without knowing the Num- 
bers de and c 4 it is manifeſt that de — c f expreſs their Difference, 
and conſequently the Quantity of x which is contained in the firſt 
Member of the Equation dex —cf x =ade+bce: Therefore the 
Value. of x will be what reſults by dividing the ſecond Member by this 
Number de — «cf. wherefore x = 24. 5 and this is the general 
Solution of the foregoing Problem; for when the Quantities a, 3, e, d, „ > e 
are known, we have no: more to do than to make the Uſe of them in- | RR 
dicated by this general Value of x,. that is, to multiply ſucceſſively _ vm 
a, d, e, one by the other: Te add to this Product that ariſing from the 
Multiplication of the Quantities 3, c, e, one by the other, and to divide 
the Sum of thoſe. Products, by the Number. which is-the Difference of 
the Product of c into F compared to the Product of d into e, and we will. 
have by this Operation any particular Solution we pleaſe. FE tk 3 
| „ | . 25 | : EE og 
Let us ſuppoſe, as in Art. xxirr the Diſtance of the two Meſſengers Example of 
from each other to be 34 Miles, that the firſt Meſſenger ſets out _ regs” 8 
14 Hours ſooner than the ſecond, and travels 7 Miles in 3 Hours, in numbers. . 
and that the ſecond rides 13 Miles in 4 Hours, we will have _. 
4 r 34, 6 = 14, = 7, d 3, e = 13, F = 4, whieh will give 
ade = 34X 3 X.13, that is, = 102 X 13'=1326,.bee=14X 7X13: 
=1274, and conſequently ade + b ce = 2600,.de = 39, cf = 28, and 


of Courſe de — ef = II. | | 4 eB | 
/ wee, ß RS 
From whence we deduce x = Fro? = === = 236+ A, the 

ſame as found in Art. xxIII. N „ EM 
From this general Solution we may alſo deduce the firſt Cafe calculated 
in Art. xx1L in which the two Meſſengers were ſuppoſed to ſet out  _-- 
from the ſame Place, the Firſt 9 Hours ſooner than the Latter, and  — 
travelling at the Rate of 5 Miles in 2 Hours the ſecond travelling 

at the Rate of 11 Miles in 3 Hours, in this Caſe a =o, b , c= 5. 


72 


5 8 


= 


A 


r 
0 


j 
L 


5 s 

*. — 

WS 

XX N 
3 * 
8 — 
* 1 
n 

SERA 

; ; 


e — TY ——— — —— * 
7 * 7% ws 7 8 . 9 N — 
4 1 , * % \. 625-4 ? 4 : 82 ** } 


SENS s or 


. 5 412 2 ; ts 3, and ſubſtituting thoſe Values i in wb as : 
2 55 Formula or Valye of x, we will have « = XX S =70+4, 5 


8313 "£8 


as found in Art. xx11, in the ſame Manner 9 make as my ** | 


plications as we pleaſe, | 1 cons e 

XXVII. 
No ſooner had the firſt Analyſts found out che Method of Na 
the Solution of a Problem general by making Uſe of Letters inſtead of 


Numbers, but probably they ever after conſidered Problems in their 


greateſt Generality ; it is therefore proper to accuſtom Beginners to treat 


hem in this Manner. With this View. we {hall ſolve the following | 


Problem. 


_ pro- A Workman can do 4 + Sail, of Work aper ad by a ina | Time expreſſed { 


_ by b; a ſecond can do 4 Piece of Work Gin @ Time d; a third can do a 


Piece of Work e in a Time f, it is required to determine in . Time theſe 


three Workmen' together can do a Piece of Mort g. 


Let x be the Time ſought, the Work done by the fir; * this Time 


win be found by the following Proportion: 5 4 =x: 7 1 20 
The Work done by the ſecond in the ſame Time * be found by 


C 


the following Proportion: d : c = =#.: 7 
Finally we will have the Work done in * ſame Time by the third 


” 2 


Workman, by Means of the following Proportion; ft: # == * —— 
Wherefore 4 ——+- —— is the Work done by the three Work- 


i men together in the Time fought, 1 * Wer * ſhould be n, 8. ” 


-have therefore the Equation F — _ —4 — —==g. 


To ſolve it, I multiply according to the Robe of Art. Nuit. the 


whole Equation by the Product fö d of the Diviſors, and I have 
eds db 
+ . e, which is reduced to 


| edbx+ febx+adf x=bdfg, in which obſerving that Py 7 96 
Feb +adf expreſſes the © Numer 0 contained | in the ſecond Member, 


a 


I conclude that x = e 5 
1 xxvII. 


'To make foes: Application of this Problem, let us 40 ys "that a 


Example 7 Maſon can do 7 Feet ſquare of a Wall in fb Days, that a ſecond Maſon 
can do e re urragkanng 11 Dan eee 


8 


de fame welt, {lenient HT TA Ht DD 8 
According to thoſe Suppoſitions we will have «=-7; b=5; emo;  __. 


. 17SFCTCTCT0CCC ID Bone Lo PA ee, Ri + bg * ' He $a nu 9 
* * 2 * N KEY 
L Told 
A. 


Y 


in vrhat Time thoſe three Maſons together, would do 1 50 feet ſquare of 


d =3; e=11; f = 4; g = 150; and conſequently þ df g = 
5$X 3X 4 X 150 = 9000, ble=5X3X1IF=165; be f=5 X 10X4 
= 200, ad f = 7X 3ZX4=84; wherefore x = = 20 + 255 
number of Days in which the propoſed Work will be finiſhed. 

„F ye inn RE to „ | 

Let us ſuppoſe it be required in what Time a Ciſtern of 200 cubick Another 
Feet will be filled by three Pipes, the firſt of which can fill 9 cubick Example. 
Feet in 24 Days, the ſecond 15 cubick Feet in 33 Days, and the third 
19 Cubick Feet in 54 Days; we will have a =9, b= 22, or; c=15; 
4 = 3 or f; = 19, f=54, or ; g OO. 8 

5 e 
Wherefore, x = | — —— — — — 

28 ＋ N 19 + 2 * * * N 


210 
2 ED 
7 ; kts 8 18 | 
To reduce this Quantity I multiply the Numerator and Denominator 
of the firſt Fraction of the Diviſor by 4; the Numerator and Denomi- 
nator of the ſecond by 3; and the Numerator and Denominator of the 
i oe CE a TM Brie Ts 
00G OF: 3s RG PR 77 A ON as 
2X3X4 wy 


which becomes 


'r „ e ß 25. Number of Days 
Fe... ä %%% PO 


975 2 X 3X4 2 | ; a ö 2 1 5 oy 
ſought in which the three Pipes running at the ſame Time will fill the 
, on ET 8 1 1 5 
5 | 4] XXIX. | 


It appears from the two foregoing Problems that the Rules delivered The appli- 


cation of _ - 


in Art. x. &. for folving numeral Equations of the firſt Degree are be ries. 


equally applicable to literal Equations; but it appears at the ſame Time bas produe- 


that Beginners require to be directed in the Manner of employing them, ed ſeveral | 


rations | 


we think ourſelf ſo much the more obliged to aſſiſt them by a great I 
Number of thoſe Applications, as — 


* 
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it is probable that it is to them we anthmetick 


Pd 
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bn ELEMENTS OF. 
| are iralebted: Ts: 8 Number of uſeful Operations of Specious Arith: 


metick, which we ſhall diſcover as it were accidentally. Hew e 25 
Firſt era. 4 et: xt be -propofed-to ſolve. the N A 27 a By be 1 
ple of the gar n S 13 of 


reſolution 1 firſt carry the Terms 3 2c 0 — 5 a $4 over to hi vther- Mam 


| Brann ber of the Equation: having changed their Signs, and there. reſults 
| 2ac +ab=-ax—34c+ 5ab=20x—td x. I carry likewiſe 
the Term — a x over-to the other Side, obſerving alſo to change its 41 
wich gives me 2 ar AB — 32 5 b = =2ax —dx ＋ 4 K. I 
afierwards reduce this Equation, 12 by adding a bto 5 ab, which gives 
me 685; 22. by ſubſtituting — ac for the Terms 2 ac and — 342 c; 
3% by ſubſtituting 3axtor2ax + ax; the propoſed Equation there- 
626 — 24 


72 4 


fors becomes 6 ab —ac=3ox—dx which gives x = 


Xxx. 
ERS. fo > pe I. 
amply of the the Terms 5-a 3 — 3 4 4 will become — 5 a+ + 3 bd when carried 
N N over to the ſecond Member, and. the Terms — 5 a x tte x will become 
equations, ＋ 5 2 * ＋ dx when carried over to the firſt; we will have therefore 

2ax + cax+dxa=2ab+ 1bd—a 9 3 5 d, which is 


reduced to 5a x + d x = 10. bd'—3 ab — a c by ſubſtituting 7 a & for 


28x'+54 x, 10 d for 144 +34 a, 4 for 2 426 — 5 46. 
eee 


No di iſengageing's 1 Equation we vin hs have » x A ders og py 


XXXT. 


Reduftion In the Reſolution of The two. foregoing 8 we had Occaſion to 


ties do er reduce to a more ſimple Expreſſion different Terms of the ſame Kind, 


moſt ſimple ſuch as 2@cand — 3 ac; 5ab andab, &c. As this Operation is fre- 
; maprecios: © nently neceſſary in Equations which are to be ſolved and- in- the other 


Parts of Specious Arithmetick, Beginners ſhould render it familiar to 
themſelves, to aſſiſt them thereto; Here follow ſome Examples. 5 
Let 15 ab — 13. ESC + woe: d—$abf+gabe 80 


75 be propoſed to be reduced. 
Affirmative 


thoſe which one and the other Affirmative, that is, affected with the Sign, + ; I after- 
uy 2 og wards ſubtract from their Sum which is 24 45 c, the Term 7 abc be: 
N tive cauſe it is negatif or... preceded by the Sign —, by this Means the three 
hole which Terms 15 ab c — nabc +94 b.c are re uced to 47; abc... In like Man- 


are PIecet” ner,. inſtead of 29 6 % —.13bc d I ſubſtitute 16 5 c d. „As to the 


. Terms — 5 4 5 and 6 þ i which are alone of their Kinds, I PRE. 


them down as they are, hence the Quantity reduced vill be 
7 be * n abf +6chi. 


I firſt take the Terms 15 4 b c, 7 abc and! 9 ab c which are of the 
terms are ſame Kind, I add the two Terms 15 abc and 945 c, which are both 


1 & wt 
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$PECIOUS. ARITHMETICK. 


1 #2 The Quantity 3'a 1 ax — ,ę 743 ＋ + ax, will be 
| r6doved eee e 


The Quantity an ed —3 acb—3ocd+30cb—66 fi will 
become after being reduced —ac d—2ach—66f i, which being en- 
tirely negative, ſhews that the Quantity which was to de reduced | includes 


more * than affirmative Parts, 


MES > 

It is proper to obſerve here that the Reduction which! has! been em- The ates 
ployed i in the foregoing Examples, is preciſely the ſame Rule as that braick addtz 
which is called Addition; for when two Quantities are propoſed to be ad- fion ie the 
ded; it ſuffices to write them down one after the other, and after- tion as the 
wards to reduce them to their moſt ſimple Expreſſion: If it Was W 
required, for Example, to add the Quantity 645 — 24 c - 32 d to | 
345 + ac —2ad + bf, there is no more to be done than to re- 
duce the Quantity 6 a'b = 2.4 c— 3a.d +3ab Hac—2ad+bf, 
which will conſequently give g a — 32 d wy 6 40 for the Sum 
of the two propoſed Quantities. 
If it was propoſed to add the two Quantities 206 — 32 4 +a 7 and 
4d —5ac—2 af, no more is required than to reduce the Quantity 
2 4c — 32d . 4 + 4d — 8 a c — 2 a f. The Reduction being per- 


formed there will reſult - 3ac - 24 d — af. It may appear at 1 

View ſurprizing that the Reſult of an Addition ſhould: be a r 
Quantity 3 but this Difficulty will ſoon be ſolved when, it is -obſerved 
that the two Quantities 2ac — 3ad+af and 4d —5at—2af 


muſt be both Negative, or at leaſt one of the two | —negative and: youu 
thaw the. other. 

This will more readily appear by Torie Examples in nen Let 
us frſt ſuppoſe a= 2, 3, d=43 T 5, in this Caſe, | inſtead: of 
2ac—3ad+ af we will have 12 — 24 ＋ 10 for ſimply 2, and 
inſtead of a d — 5, ac = 2 f we will have 8 — 30 — 20 . 2 and 
their Sum will be — 44, and it is no- way * m_ the Sum of 
two negatif Quantities ſhould be negatif. bY, 

Let us now ſuppoſe a=6, 25, d 3, f= 2, we. will hob: 


2ac—>3ad+af=18 and ad- 5 - 24 =— 156. Where- 


fore the ſecond Quantity being IT AY than: e 1 
pd ſhould: be negatire. 425 / 


9 may perhaps be 3 Grade 3 nals ok ia wht: 
Kemative one, or father ean a negative Quantity — — added. To ſenſe a ne- 


which I reply that this — is Mast when the: Words to add 3 


and to augment are not confounded. Let two Men, for Example; join ſaid to be 
their Fortunes, be them what they will, I would ſayꝝ they add their For- added. 
tunes; let one have Debts and real Effects, . bis- Debts-exreet his Ef- 


_ 


ſame opera - 
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From the 
' foregoing 
operation 
the algebra - 
ck ſubtrac- 
tion is de- 
Aduced. 


| _— AN 


ELEMENTS OF. 


Feats, he will -offeſs but a negative Fortune, and a Nadin of his 
Fortune with that of the firſt weuld-diminiſh- that of the firſt; fo that the 


Sum will be found, either el than what ths __ t poſſeſſes, or even en- 


: ji err. | 
The Reduction 05 in the foregoing Articles has: given 5 to 
another Rule of Specious Arithmetick namely Subtraction; for when, 


for Example, in the Equation 2.a c + ab—ax=3ac+2ax—5ab 
— d x (Art. xx1x.) we carried over the Terms 3 ar — 5 4 5 to the 


other Side, after having changed their Signs, and we arrived at the 
Equation 2 ac + ab—ax — 3a c＋5 25 S 242 XK — d x, or 


 —ac+ bab—ax=2ax—dx, Pe 8 
vas ſubtraQted from the Quantity 2ac + ab — a x and the 
is —ac + 6ab — ax. For by making 346 — 5 ab diſappearin the 


emainder 


ſecond Member of the Equatien, a Subtraction of this Quantity was 


5 Proceſs of 
f fubtraction. 


| pointed; but to preſerve the Equality, a ſimilar Sabtraction muſt have 


en made in the firſt Member; therefore 24c + ab—ax—3ac+5ab 
or —ac+ 6ab—axis what remains of the x 24 Fab—ax 


after 3ac— 5 ab has been ſubtracted from it. 


Hence when there are two Quantities of which one is to be ſubtracted 
from the other, we muſt change the Signs of the Quantity to be ſub- 
tracted, and write it down after the other, then reduce the Quantities of 
the ſame Kind, which independant of what has been ſaid may be demon- 


ſtrated after the following Manner. 


Let 2ac + ab — a x be the Quantity f from whinh it is propoſe to 
ſubtract the Quantity 34a c- 5 ab, It is manifeſt that if 3 ac was on- 


+ ly to be ſubtrated from it, we ſhould write down 2 acþ+ab—ax—3ac, 


but by fubtracting the Quantity 3 @c inſtead of 3ac — 5, ab a Quantity 
too great by 5 43 has been ſubtracted: Wherefore vo muſt add the 


5 a 5 which has been taken away too much by ſubtraQting 3 a c. There- 
0 


re we muſt write down 2420 þab—ax—3ac+5ab for the 
Remainder of 2ac TY ab — a x after 3a c — vis: ab has been ſubtract- 


ed from it. 
To exerciſe Beginners in this Rule which it is s obyious ſhould frequent- 


| E occur I have added the following Examples. 


If from 5 a b+10 f g—3ac+2 de we ſubtract 2 5 fe+ ace, 


there will remain 5 4 5 ＋ 10fg—3Zac + 2de—2ab *+$/s 


—6ac—de,orzab+ 15 fg —9gact de. 
If from the Quantity 6aeb + 34 g — 103 4 we ſubtra& 


9 10 4e 0 — Bagh, were will remain 16 aeb — 43. 


— 105 d ＋ 11 45. 
If from the Quantity 3 ae +5 +5 we bend — 325 
there will remain 44c +446 +6 & | 
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3 
w 


from which it was propoſed to ſubtract — a c — 3 4, it can only ariſe 
from not making a proper DiſtinQion between ſubtracting and diminiſh- 
oo we conſider that to fubtract any Quantity, a, for Example, 


from another 6, is to determine how much 6 exceeds a, it will appear 


very poſſible that a Quantity may be increaſed by a Subtraction. Let it 


It it appears ſurprizing that in this ſubtraQion the Remainder - 1 j 
42 C r 44235 ＋3 e is greater than the Quantity 3ae ab +be 


is increaſec 
when a ne- 
gative quan 
tity is. ſub- 
tracted fro 


it, £5 


be required to determine, for Example, how much one Man is richer 


than another, if the latter has only Debts, it is manifeſt that the Ex- 


ceſs of the Riches of the firſt will be what he poſſeſſes more a Sum 


equal to the Debts of the other. 185 | 


| :  XXXVI. | 1 
„ ; ot ct i 7 4h 3 
ve the Equation — = X — | 
Let it be propoſed to ſol Eq _ 1 


to make firſt the Diviſor 2 4 diſappear, I make it ſerve according to 


Art. xv. as a Multiplier to all the Terms of the Equation, and we will 


The Equation is therefore changed into c x — 


have c — LEN =20 x.x — 422X428 


7 but it is ma- 


nifeſt that inſtead of à c 2 4 we may ſubſtitute 2 4 4 6, becauſe the 
Product of 2 à into ac ſhould be double of the Product of a into ac, and 


the Product of à into ac is aac. Likewiſe 2 4 X x will be 2 a x and 


Third ex- 
ample of 
the reſolu- 
tion of lite 
ral equati- 
6 ·˙— 


44 X 2a will be 8 4 4 4; for the Produ of ad into à is aad and 
the Product of 4 d into 2 4 ſhould be oQuple of that of a d into a. : 


284.4 0+: 
24 X— 


| 8 b „ 40 3c 
aac 3 ada | | 2 4 a c aac 
r — 24 * — becauſe —— 


= 


are one and the ſame. Multiplying the Terms of this Equation by 5, it 


8 2 4 4 


ERS 


will beome bXcsx — aac = 2ax Xb — 
842 43 4 | 


X. b or 


bex —aac = 24b x — ———— which will be again changed 


. 


8d 
——— 


into chx X 306 — aac X Ze = 2abx X 30 —8 223 d, or 


3 be e — 3,aacc = babex 84 4 b d, for the Products of 
into hx, a ac and 2 4 05 x, will be bc cx, a ace, 2abex, and 


conſequently the Products of 3 c. by the fame Quantities ſhould be triple 


of the foregoing, that is, 35 ce x, 3a 40 , 6abe A; now tran- 


{poſing we will have 36 c — 6abex = 2 8 4 4 34 


365 — 64e 


which at Length gives „ cc — Baa 
| XXXVII. 


In the foregoing Example, the Multiplication of ſome Quantities 


A quantity 


— . 1 1 - # 7 4 
2 ; N L 
Fe 2 - i 
* "= 8 Y 
3 5 - - * : 
- Po ins 
1 — 
: = 8 
x *s 
7 4. 2 * 1 
- Ws * 7 
2 6 
A — 1 
4 - © . 
2 * 
3 1 
je < 
* X 34 
* _ 8 
* 2 
* # 
* 
% 
> a ; 


Fx 
1 


4 
8 n 8 0 - hs : 
N 
2 * — n — — —— A 
— EETEENS Wt * - 8 2 81 4 , 
4 + 4 606 'L3th LY * 2 * * 8 : 
— IE 
= 5 = 1 e 


& $a bt - SR 2 nel 4 
12 Sth 5 n KA ann 7 Y : : * — 
. OED? > ö 7 s OY y « 5 4 5 ws 

I . : 
1 8 g . 5 * 
a 8 I... 7 ot. 
*. 1 KS * N 1 y * 
* 4 ** 4 * 4 9 


7 . r % , "Y 
* 8 < 9 PEA 1 Re 5 ; — 
Ig 8 8 N Gut wy $ p . 1 J 
* — we. * 7 we 4 - 
> EP ay ** 55 . I 8 8 7 
— Kr * * ws an % 
* ' Ca if Ws 2 
r — 2 
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Ss 1 ELEMENTS or Tg 
DS. number which Ln the « foe Letters, produced the TO of "thoſe 94 
* X ters in the ProduQts : Now as the Analyſts'always endeavour to expreſs 
letter to the themſelves in the moſt conciſe Manner, inſtead of repeating a Letter 
right Want ſeveral Times one after another they write it down but once, placing at 


| _ ir i the Top of it on the right Hand a Figure denoting the Number of Times 
repeated by that this e ſhould be repeated. Hence, inſtead of the h n 
multiplica- Ex ef £2 A acc — 8 aa 5 * the write. 
bran 2 pre ion 125 e 's a 6 c * | * of 
letter is ſaid 4 | 3 Sz a 62 — 8 a* bd 
to be raiſed * 3 * #4 Va EDS 6 a 5 E * 


tochopower | Wen in an Operation the 3 * Occaſion Po an 4 ie is, For 
this number the Product of a a by à or for 4 multiplied by itſelf twice, he puts down | 
e ede cal ſimply-a3. In like Manner for cc c c, he writes *. When a Letter is 
gent. 850 thus repeated or rather conſidered as repeated by Means of a Number, it 
3 is ſaid to be raiſed to the Power expreſſed by this Number, and that this 
The num- Number is its Exponent, thus c“ = ccec which is the Product of e mul 
| oy eh tiplied three Times by- itſelf is ſaid to be raiſed to the fourth Power, 
left and on and 4 is its Exponent. Care is to be taken not to confound the Numbers 
the ſame which ſerve as Eexponents with thoſe which are on the left Hand of the 


Tine arecal- Letters and on the ſame Line, which are called Coeficients; in 4a ry 


_ for Lien, +. the Coeficient of the T erm, 2 Is the e of 2. 
XEXVIII. | | 
Fourth ex- Let the Equation 2 75 + . — 55 ! 3 PA be prof of i 
We 8 ſolved, multiplying all its- Terms by the Divifor 3 czd, we will have | 
l 2 — = 2 — 3K 344 


To perform the Multiplications indicated by the Signs x, I obſerve 
firſt that's c* multiplied by c2 ſhould give for Product ac“ d, for if in- 
ſtead of a c and of cd we write act and cc d, as may be done, their 
Produdi will be a ccc d, that is, according to the foregoing Art. a 44. 
Having therefore a c. d for the Product of a c into c, it is manifeſt 
| that 15 act d will be the Product of 5 a c into 3 c d. | 
- In like Manner, the Product of 69d into 3 cd will be wand to'be 
18 c3 43 and the Product of 3x into 3 c. to de 9 ea d x. W herefore 
/ the foregoing Equation will be changed into — == == 


, 7 4 33-2 7 : 
i 2-4 32 * ＋ —— — — Ar * I SEE oy e 
- Multiplying . this new Equation by #* it wilt | 
20btx +1504 = BEES — gp cds, and this lat by 


* 1 reſult 245 Fa + 15 3 = 186, — ee 


Y - 


- ducing each Term. For 1“. ; infleget of 8 re — may be put down 


the e ſarme Quantity L=, there reſults —— 20. inſtead of 22 18 a> 32 c 


and by tranſpoſition a 4.5. x 1 95² 4 C , ig 43 63 . af & "= 
from We at "we 1 is deduced * ee 2. 
gt 247 Fe. Tg bog” 5 

8 e „ eee | p 

10 th [eats . we had Occaſi ion to multiply Geste 1 et 
pres by a ſimple Term ſuch AS 4 ad, 9 cid, &c. which are com- quantities 
monly called incomplex Quantities or Monomes, and we found at the VF. 0» | 
ſame Time how this Operation was to be performed. The general Me- 22 
thod which reſults from the Reaſoning employed in thoſe particular Ex- one term. 
amples, is firſt to multiply the Coeficients; to add afterwards the Ex- 2 | 
ponents of the ſame Letters, and to write thoſe which are different one — 
after another. Hence according to this Rule, 34%3dX7a*%bd®* = 21465; from the 


e d= 44 63 en 1 4%; 88 foregoing 


*. 


eee 85 5 ; Ms peg 
| XL. 1 „„ e100 
"Let! it be propoſed to ſolve the Equation 1 +a = 3as Pf Kun- 
Fr | Ek Fog ple of the 
multiphing it by 2 121 have ac + e — 64675 — ory 
30 4 . : tions. 


| then multiplying by 3 a, I have 3 43 7 + 8b*o x == . 
and performing again the ſame Operation to ks the Diviſr « vaniſh, 


there reſults 3 a3 C ＋ 8 5 c*. = 30 4 bI'— 1 - a* b c, from whence- 


- is deduced x = — rl A = = - _ = 2. TY which may alſo be. 
3 1 113 
wrote thus x = i 2 _ e er 8 — 38, ; becauſe. 


| 8 5 C2 dividing the whole Quantity oY a* b3 — 18 4654 EI 3 a3 2 di- 


vides each of its Parts. 
Now the Value of * thus wrote may be more imply expreſſed by re 


. L becauſe the Numerator may be conſidered, as the Product of | 


4. 45 
2 ba, into. 15 4 b, andthe Denominator as the Product of the ſame Quan-- 
tity 2 62 into 4 4% dividing therefore both one and the other by 


887 „ 
we may put down 282... ; for the Numerator is the Produ& of 2 Þe 


: | 4c 
4 into 9 a, and the Deniminator is the Product of the ſame N es 2 zie. 
into 4 6. " Infload Ai may por down = _ Therefore | the: 


s CIO 8• | ARITHMETICK.. . . "Th 


" "nn 2&4 62 rnb TY. A * 2 n J : 
1 8 r a 1 K. Y | »- r 7 « * * 
a ren BP IST R S 0 $4 2 ; "0... . MF 4 " / 1 5 8 1 
2 CCC BL NS ny of G ö . 4 83 2 W „ A 1 8 
4 8 * BY or N 1 > = . 
* 7 + 5 FE” - : 57 . * 
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„ 0 o 
* F 2 
* 
* „ 
" 


_ 


. 


8 1 5 0 333 5 4 87 a CE 2 
PTS. : , 2 . . : ; : Xx — . 
; ; : | $298 | e 1 1 + 
4 > C £ 3 N » : "0 4 2 
5 C, Po | . r 5 4 S * 7 { $3 _ ; EY - - 3 * K yy 7 5 ; 
8 . E | n W & 5 a W 36g bo 
N F * p N : 1 _ « y g £2 Y » 8 #3 F 5 . 
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A nuriber which contained the ſame Letters, produced the Repetition of thoſe Let- 


placed '** ters in the Products: Now as the Analyſts always endeavour to expreſs 


dhe top of 4 FE IN TRE" er g-. "LT FAFE PP Ir to expret 
3 the themſelves in the moſt conciſe Manner, inſtead of repeating-a Letter 


right  4e- ſeveral Times one after another they write it down but once, | placing at 
po: the Top of it on the right Hand a Figure denoting the Number of Times 


often it is 


repeated by that this Letter ſhould be repeated. Hence, inſtead of the foregoing 


multiplica- : : | aaacc:— 8a a 3 4 i 
tion, and in Expreſſion x = — e eee e 

chis caſe the 8 Pl no fg b F 6 4 
letter is ſaid. 3 44 — 8B a* bd ie | 
to be raiſed & = 3 C ) 8 
expreſſed by When in an Operation the Analyſt has Occafion for a u a, that is, for 


this number the Product of a a by à or for a multiplied by itſelf twice, hegputs down 
which is cal ſimply 23. In like Manner for cc c c, he writes d. When a Letter is 


_— OW thus repeated or rather conſidered as 8 Stan by Means of a Number, it 
; is ſaid to be raiſed to the Power expreſſed by this Number, and that this 


— they write 


The num- Number is its Exponent, thus c“ or c c ec which is the Product of e mul 


| 2 yuh tiplied three Times by itſelf is ſaid to be raiſed to the fourth Power, 
left and on and 4 is its Exponent. Care 1s to be taken not to confound the Numbers 
ow e which ſerve as Eexponents with thoſe which are on the left Hand of the 
led coefici. Letters and on the ſame Line, which are called Coeficients; in 4 c, 
ents. for Example, 4 is the Coeficient of the Term, 2 is the Exponent of a. 
545 „ tg Rn Bo Cr SE 

Sen 


Fourth ex= Let the Equation Win ＋ Nn = 33, be propoſed 


ample of the 4 


reſolution of to be ſolved, multiplying all its Terms by the Diviſor 3 cad, we will have 


diteral equ - Tm 2 4 6 c 42 24 
dies. 2 ab* x + PP rod _—_ = A — 


© To perform the Moultiplications indicated by the Signs x, I obſerve 


„ 


that 18 400 d will be the Product of 5 a C into 3 & d. | 


In like Manner, the Product of 6 c 4* into 3 & d will be found to be 


18 3 43 and the Product of 3x into 3 e. d to be 9 c d x. Wherefore 
/ _+he foregoing Equation will be changed int 
nn d ge #65 


PW 
= s 5 a 
* 


Multiptying afterwards: this new Equation by 54 it will 


—_ 
* 


5 18 32 4343 JJ aig og 
2454 ＋ 15a . EEE. — 92 dx, and this laſt by 


1 a : 
2, there will reſult 243 54 x + 15 283d = 18 52 c 45 — 93222 cdx, 


= 


. 
OS A Rs 
R 3 Bog Kia £2 


1 


OT Oe $PECIOUS ARITHMETICK. * 


and by tranſpoſition 2 45 54 x ＋ 955 44 c Le Af 52 63 - a py "Y 
from whence at aid! is deduced's, e 2 af 0 7 F 55 5 . 2 g 7 5 
XXXIX. 4 . 2 


i oh 4 . Wet we had Occaſion to multiply Quuititics 1 1ocomplex. 


' expres by a ſimple Term ſuch as 4 ad, 9 cd, -&c. which are com- Lupo 
are t S 


monly called incomplex Quantities or Monomes, and we found at the 3 


ſame Time how this Operation was to be performed. I he general Me- ſiſt only of 
thod which reſults from the Reaſoning employed in thoſe particular Ex- one term. 


Their mülti 


amples, is firſt to multiply the Coeficients; to add afterwards the Ex- mlication 
ponents of the ſame Letters, and to write thoſe which are different one deduced 


after another. Hence according to this Rule, 3a%3dX74*%84* = 2145443; 2 the 
regoing” 


obs eee eL. = wet 1 oh dg examples. 


XL. 1 


leit be ere ſolve the Equation 7 ＋ 5 5 gab 55 1 


„ rd. 2-4 1 "as = 
{4 3 — SHO refolation o 
o 4 25 f | tions... 


_ Hiew pig by 3a, I have 347 + 8 bog == —18 a* b3, 


and performing again the ſame Operation to make vel Divifor c vaniſh, + 
there reſults 3 4 r + 8.85 e*3:= 30 a* 53 — 18 a* 32 , from whence 


7 e which may alſo be . 


s is deduced 1 78 57 65 | 
"of 18 42 32 „ DE Sy 3 
wrote thus x = 2 75 ee 5 — 2 — 9 * — ; becauſe. 5 
9 54 6 dividing the whole Quantity 30 4 2 — 18 22 * Fn 3 45 62 4. | 
vides each of its Parts. 5 
Nowy the Value of * thus Weh may be more amply expreſſed by: re- 55 


. ducing each Term. For 105 inſtead of Aire - may be _ ij Y: 


2 all 3 berauſe the Numerator may be conſidered, as the Product of a . 


2 35 into 15 4 b, and the Denominator as the Product of the ſame Quan 
tity 2 62 into 4 ts dividing therefore hae, one and the other by 


the ſame Quantity 26, there reſults — 2% inſtead of — e : 
c 


> we may put down e for 1 is the Produẽt of 2 Bo. 
into 9 4, and the Denvminatr| is the Product of bg ſame 1 2 510 
ae W ya Therefore che 


e n 

* 6 0 —_— 

8 1 ** e 4 
* 


rentheſes in 


| ELEMENTS or 
Toe of 'x reduced i is. wr: 


TY 17 
XII. 


. 8 ap if The Method to be ue; in general in all e of the . 


incemplex Nature as the foregoing, that is, in Diviſions of incomplex Quantities 


1 þ 6500-29) is eaſily deduced from what has been ſaid, particularly after having ſeen' 
From this. the Multiplication of Incomplex paper "This Method many be ex- 
eng prelies thus. 


Divide firſt the Coeficients if ahe Divifidh: bs; noffible, take away the 
1 Letters which have the ſame Exponents in the Numerators and BDeno- 
if minators, divide after wards the Letters which have different Ex ponents 
| in the Denominator and Numerator, by ſubtraQting the leaſt Ex ponents 
from the greateſt, and writing the Remainders in the Place of the great - 
eſt Exponents. As to different Letters there is no more to be done than 
to copy them. . x 
As this Operation. frequently occurs, to render it familiar to Begin- 
ners Ape e ſome . Fi * "a ; 
a $14 3 @ 8” + : 4B f . OR ola 2 6 
. TO Ee IS cs: DN 8 ; 
e cad | 
hed 5 
| XLII. 


=" 18 oi 


— 


diefe Let it be propoſed to ſolve the Equation 3 == - + de=bG x 5 4 . MB 


reſolution 


t lee To make the Diviſor b — e vaniſh, 1 multiply all the Terms by this = 
equations. viſor, . which gives aa x + (b — e X-d c.= (bx —ac)X (b —c), 


where I obſerved 1. to put þ —c in the firſt Member between Paren- 

theſes leſt it might be imagined that only c was to be multiplied by de; 

Apecious a- 20 to put b x —ac and 5 — c in the ſecond Member between Paren- 

rithmetick. theſes in Order that it may appear that thoſe two entire Quantities are 
to be multiplied by each other. 

It is now queſtion to perform the Multiplications We by tho 
Signs X. Let it be propoſed firſt to multiply de by 5 — c, it is mani- 
feſt that we muſt multiply d c by 5 and from their Product ſubtract the 
Product of d c into c; for b — r being leſs than 5 by the Quantity c, 
the Product of 6 — c into dee ſhould. be leſs than what of 5 into d „ 
by the Quantity K Nn IT herefore the Product of 5 — e into d'c is 


3 de — cc 


"Uſe of Pa- 


To find the Produ& of 10 x — ad into FREE 3 1 obſerve that if the two | 


Terms h x — ac be conſidered as a ſingle Quantity, the Product of this 
 Quantity-into 5 — c ſhould be, the Quantity which the Product of 
3 - 4c into b exceeds the ne, of 6 * ac. into c. The Quel- 


— 


tion is Fee reduced to- K Maultip 
one and to a Subtr action 


ſions may be of Uſe. This 


ſhould 'be leſs than'the Prodgct of 37 5 into 2 93 c 70 + 6 45. 
by the Product of 45 . d into 2 

quence, I write the Product thus (2 a? 1 th + 6 40 ** 3 b* 

755 . a3 — 5 ＋ 6259 „„ n 


IJ 242 2; for. the ſecond Product (2 43 c 5 a#b +645) X 4 beg.” 5 
. ſubtracting the ſecond from the firſt, as indicated in the fs oil 
Expreſſion, we will have 6 45 C — 15.95 83 Þ 18 46 8 545 7 . 
＋ 20 4. Bod'— . be d for the Froduc of the tuo e 
15 ane, 445 


« * 15 4 28 8 
. 9 * 8 — — 
1 > EIS: * 8 3 151 * 7 5 . FN RRR „ * 
122 CELTS 97 6. : ; y 2 * PE BET 8090 7 2 R 8 
* by SPLIT 4s PE by CEN FE ; 
* 7 7 
- Fr 
* . 


"S$prcrovs AnITHUETICE” ee 
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I ions Wis 1 18 fegong F 
Te firſt of thoſe two Multiplications,. as of yh Xi — 1 45 55 n 


N F the ſecond that of 5* 4 c by e, will givebcx—act, 


t remains therł fore to ſubtract this laſt Quantity from the firſt, ie ab 


Will give, according to Art. XxxIV. ebe + 7 | and DE 
this i IS the Product of z into 3 —0. | : 1 5 


5 


Ss that the Equation BE bed = n of ws 4b) 


5 Xð 42 e X % WT is become a & a: be. F 8 bY K 


—abc—bex bars which, by the ordinary Tranſpoſſtions, will give - 
beds — "cd + abe = 4 c = x — ee EATON, n ee 


— 0 4 be — 
| MALE, 0 ace a 1606. Ha 2 „ 
6 T "_ — 2 F N 5 | F 
3 7 . J 5 % 0 * 0 5 83 2 8 
* . 2 * — vc — a". Jy 15 ,,, agg Hoo wt 
| XI. III. . 11171 ? # . Iiblie n 5 


1Cas  _ 


"ys this e we. HA h to form, a Rule of FR lag Adis bens 
metick, which we had not as 10 employed, and which on ſeveral Occa- tion of com- 
tinomials. A Multinomial or compound Quantity ſignifies in general a ee 
Quantity A of vera Terms. When the Number of 'Terms of or ene, 
a Quantity are ſpecified, if it conſiſts of two it is called a Binomial ; ifs 
it conſiſts of three it is called'a Trinomial; &. 


To exerciſe Beginners in the Muttiplication 'of thoſe Kinds of Quin- . 


2 tities, here follow ſome Examples; Let firſt the Product” of = N x 
2 a3 c — 34 + 6 a5 mae 4 bY — 4 3e d be required. 7; 7179700 eee 05 


multinomi- 


By reaſoning in the ſame Manner as in the foregoing Article, it will als. 
25 ear, that ſince the Quantity 3 a 3 — 45d is leſs than 3 a 52 | 
ed, the Product of this Quantity into 2 a3 c — 5 5 he 6 as 


4 < 


py ig 45 ＋ 60 In Conſe- 


Performing now the two Multiplications indicated by the Signs X, | 


; after the ſame Manner as: thoſe of ſimple - Quantities, we will have 


6 44 ba e — 15 45 53 + 18-45 62 for the firſt Product (2 a3 cf = 5 * ; 
+ 6'95) 3 u #2. In like Manner we will have 9 45 3d 20 af ed 


l 4 ? 1 
4% „ 
wake 5 ER ; : * 4 11 ** * STEVE — 7 #  þ® 4 

* q ; ; — #3 1 * > 15 = * 1. 4 SOL * 5 : 

| | 34 © „ 5 00% LISTS {4 

7 : - N. — # | 1 * WE, 5 „ eos 1 . 446 4 
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le is called. the Multiplication of Mal- Ser n 


Wy . « N Fa . 


* rt 
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— 7312 K ME MTS OP 1147 
; ie 00336: KV. e i 11155 weint 8 n 1 


1 the | oltiplier of the eee Quantity, ebftaified beſſdes tle't 
5 — 4 bc, another 3 4 Jler ame, ani- 


pr, 6 obtain e hole Prodiia,' we muſt 'Fubtra&; from . 


ding Quantity, the Product of 2 2 5% ＋ 6 35 into abc. 


plier 400 — 4 b c d, by 5 abe, the Product of it into 2 45 c — N 44.5 
* 84 22 be leſs than the N 85 * 2c 
— 54 BY 45 by 5 abc X 2 45 1 — 5 2 5 + 6459. io bh 

ner if cherè Was „another Term in the Mufti b a e xam ple, 


r the Multiplier 3 452 — 454 5 22 being Jefs than the Multi- 


n. like Man- 


with the Sign E the Product 3 er 42 Seng a [2 1 4 6650 cb | 


be added to e Totegoing Products, 


— with the Quantity which is to ſerve as utipfier, we are to form all 
13 the Products of the Multiplicand into each of the Terms of the Mul- 
tißlier, und add or fubtrac thoſe Produ „according a a5 the Terms of 
je n ee are affeched with the Sign. . e e 11227 g 
we ui 8 ee PHY after 4 fo pr] Manner, proceed i mu. Fw 


XI v. 


p 1 * 
„ +*- * 


Se 66 1 7 1 the Mgiphe mater 6 the Makiplicand,. and draw; 6 | 
n afterwards. the: firſt Line of the 
in 2 Product which is 42 be ſet 4 e. . this Bar, multiply the firſt Perm 


de parſed Bar under the Multiplier. 
Gael _ 

ors oc the ler, h of the. erms off the Multiplicand, obſervi 
0 e | 25 5 5 * thoſe Pre oducts, the Si e the Term of he Mal 

rphean if the firſt Term IT the Multiplier. * no Sign, and: conſe- 
| quen ntly. is conſidered as having the igen. .. 

o form: aftetwards the ſecond Line which mond bel wigte. widen 

the Ar, multiply the ſecond Term of the Muki plier- hy all the Terme 
of the Multiplicand, and if. t this ſecand Term of the Multiplier has alſo 


e Tt appears in general that any. y being A ee = 


the. Sign +3, the Operation is abſolutely dhe fame as for-the firſt-Line,. 


| 8 but if it has the Sign —, to each of the Produits: which compoſe this 
Line, prefix a Sign cantrary to that which affacts the Term of, the Mal- 


jplicand to which it relates. All the other Lines of the Product being 3 
formed after the ſame Manner, by, Mipany: ofthe other Terms of the 


Le multiplied by all thoſe. of, the Multi phcand, dram a. Bar, 
and add or reduce all thaſe particnlas Produ@ss 50 Quanticy, Which rer 
e bee Rn of. the Multipli ud ng Je 

e to mo ip er by 
. 3 it had the Sign Whats oy is eaſy to perceive that wit Re 
to this Term, as with Re ee 7 "the others affected by the: Sign — 
Signs contrary to thoſe Terms of the NY are to be | 
OM to the ProduQ of thoſe Terms. - 
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„ explain this Method, we fall 281 it to an Example: Let i it 5 
5 tors to multiply. the two Quantities 2 46 — q ac d and 343 
| ac+2ad. The firſt being choſen for Multiplicand, and the gaing 
5 ſecond for. Multiplier, I write down this Lat under the other, as above. thod 4 an | 
| Aw bein "s done, I rerhark chat the firſt Term of the Multiplier is ple. 
affirmative, and conſequently all the Signs of ha he Gravy of the fifſt Pi | 
| 22 product ſhould: be the ſame as -thofe the Nultiplieand. 12 1 
nſequence of this Remark, T write down 6 a+ 5* the Product of 3 a 5 9 
into 2 ab, without prefixing any Sign to it, which comes to the — 
as if it had been affected by the Sign +. . 
I after wards put down — for the Sig of theifedohd Term of the 
ſame Line, becauſe it is the Sign of he ſeoends Farm of the . 428174761854 
cand, and after this — F write 12 4 bc: Product of 4 a C into 3 4 5. | 
prefix in like Manner the'Sigh + of the third Term of the Multip 


: 


7 


cand to the chird Term of the firſt Lide ef the' Pioduct, which 3 
354 Product of aid into 3 a 6. The firſt Line of the Produétf be. i 

ing thus finiſhed, I remark thãt the fecond Term of the Mouldplier: has 1 

the Sign —, and conſequently that the Signs of the Multiplicand muſt 5 


be changed to form. the. Terms of the ſecond. : Ling, of the Produd. Ol 


Wherefore the firft 'Term of this ſecond Line have the Sign =, *_._ 
which I prefix to the Pioduct 10 a Be. of the two Terme a 4 5, S ac. eee 
The ſecond Term of the ſame Line ſhould have the Sign |, ſin te 
the ſecond Term of the 1 has the Sign — Lk 1 therefore pre- 
fix the Sign + to the Product 20 4 g of the two Terms 4 ac, 52 
The third Term a d of the Multpheanti being precedes 
Sign ＋, the third Term of the ſecond Line will be affected by the Sign — - 
which I prefix to the Produ g a d of the two Ferms ad, 6. 
As "Mohiptier Line of the Product 
of the My has the Sign + alt the e Sons s of, the | 
to be preſerved, conſequently the firſt Term, that is 
245 into 2 4 4 will be 4 4 b Preceded: by the 
that is, the Product of 4 ac into 2 ee gad, 
I 


uſtiplicand are 


> the ſecond, _ 


preceded by the. on 1 
duc of 2 4d into ad will be ä 


Sign —, and the third, that is, the 
24% d mn by the " . 


\ 


oughty becauſe — third Term 
e Pioduct of © 
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8 To render this ore familiar to ee ber. follow more 
ws plied ee e - 2063 + 4 F 
Multi iptier, : a . 2 43 b - — 2 33 * 3 a ea 5 N N 
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. a Tap +; B a5 b 
— 52 34 + 2 4 66 — a b3 5 

PS. 3 + 15 a> b * — 6. a3 63 +12. 64 | F! 
sam. 5 ee e ag 2 b6 - — e F r 


n 
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. | Maltplicand. „ Y” : ofS 3 33 72 1 5 4 3 + 3 56 c mts. 
0 Multiplier. 1 ; 2 a3 * 3.59 7 „ 353550 T2 

. l . (Ent eee 
45 * 98654 J T1 e 3s 
r bL=gabt*—z3a3 ++ ) 
8 05 = by OTE Ab pod dt —6an + 


Product. 


2 * 


Multiplicand, - JF; + 2 a3, — ; — + "FM 15 & A 
Multiplier, — 11 . REEL — dl we: WC 2 | | | 
355 2. 4459 + e * — 42 
| 222 4449 + * Fo Bode Maas 
| Lnt+ 20903 a 
Sum. 1 . F 


| Produd 


＋a xXx — 42 K 
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Multiplicand, Tv) of ES 44 - + 24c — be 1 2 43 5 hoe Rh 

..., f ANPRYWI ff 75 5 FOOTE 
Dee + ble dif os OS hr | 

23 ＋ 200 — 1 52 1653 


Sum. 43 N 24 — RP" — yoke + Bbc 400. * . — 162 9 


Mobiplicand, .._ N He 17 ö ig 2a — bes. + ot * 8 345 0 Has} 
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* — ab 


+ abc, oracd — ac* + abc, is ſtill to be divided by the ſame Diviſor, 
and its Quotient added to the e b to form the whole Quotient 5 


the Diviſor. For Example, ac d by ad, which gives c for the Quotient; 


7 and conſequently the Value of x. 


ene S of thoſe of the 
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Leti it be 1 to i the: NATTY "i Sixth exam- | 


ax — ac, 1 firſt make the Diviſor d —c „ by oultiphying 7 ſolution of 


a x—ac by d—c; which gives ab* ＋ abd—abx =(ax —ac) Nee | 


tions. 


X (d — c, or a b + abd —abx =adx—acd —acx + ac, 


which, by carrying over all the Terms affected by x to one fide, and 
the known ones to the other, will become a5* + ab d +acd—ac 
=abx + adsx — ac x, from whence is ed „ Raga hg 


a b* tabdteacd—ac 


"UM 


ad —ac - | 
A certain Relation which is vant þ to ſubſiſt between the Ten 
of the Dividend and Diviſor in this Expreſſion, might induce us to think 
that the Diviſion may be performed exactly, and conſequently invites 
us to attempt this Operation, which ſhould appear eaſy to execute, af- 
ter: having. ſeen that of Multiplication of. which it is the Converſe. | 

To diſcover in effect if ab + ad — ac can divide exactly a 52 Miner of 
+-abdi + acd — 2 4. I divide. firſt one of the Terms of this laſt Performing 


the diviſfion* 


Quantity by one of: thoſe of the firſt, for Example, a'3* by à b, and indicated in: 
write down the Quotient: 6, I afterwards multiply this Quotient 6 or this exam 
rather this firſt Part of the Quotient ſought, by the whole Diviſor a 5 Ple. 

+ ad — ac, and ſubtra& the Product a 52 + abd + abe from the 
Dividend, the Remainder à 5 + abd + acd —ac*—abt—abd vg 


7 
„ * 2.2 

* 

by 


ſou ht. 
o perform this Dividoa 1 divide one of the Terms of the Quantity | 
Fan be ac* + abc which remains to be divided, by one of thoſe 2 Y 


I multiply this new Quotient by the whole Diviſor a6 + ad — ac ac 
1 ſubtract the Product a be + ac 4 — qa e222 from the remaining Dividend 33 


acd —ac* + abc; and as the two Quantities are the ſame, there re- 


mains nothing to be divided, from whence I perceive that 5 +c is the 
exact Quotient of ab* + abd ＋ acd — ad divided Xs ab Make ak? 


2 : | 1 


After having onformed the foregoing Diviſion, it is 600 toiperaeive Generat'ms | 


what Method i is to be purſued in-other Examples. To reduce this Ope- . | 


ration to a regular form, the Analyſts write down the Diviſor at the pound quan. = 4 


right Hand of the Dividend, ſeperating them by a Line, as in Diviſion tities. 
of Numbers, chuſin 7. afterwards a Term in: the Dividend diviſible by 
wine, they write the Quotient of thoſe two Terms: - 
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17 5 •VàVVUööß , TH + 
under the Diviſor, prefixing to it the Sign +, if the two Terms which 
are divided one by the other have the ſame Signs, e Be it the 
Sign —, if thoſe two Terms have different Signs. This being done, they 
multiply the Quotient by all the Terms of the Diviſor, and write the 
Product under the Dividend. But as the Uſe of this Product ſhould'be 
to ſubtract it from the Dividend, they obſerve when writing it under this 
Dividend to prefix to each Term a Sign contrary to that which reſults 
% ſ dd ng . 
The Product being thus wrote down, they draw a Line and perform 
the Reduction with the Dividend, and the Quantity which remains, is 
to be divided a-new by the ſame Diviſor. They chuſe as before a Term 
diviſible by one of thoſe of the Diviſor, and write the Term which re- 
fults for Quotient beſide the firſt, obſerving to prefix to it the Sign +, 
or the Sign —, according as the two Terms that have been divided one 
by the other have the fame or different Signs. They multiply after- 
wards this Term by all thoſe of the Diviſor, and write the Product un- 
der the Quantity to be divided, obſerving as before to change the Signs ü 
es which reſult from the Multiplication... Then drawing a Line and reduc- = 
ing, if all the Terms do not deſtroy each other they write the Remainder BE. 
under this Line, and continue the Operation after the ſame Manner un- 
til all the Terms of the Dividend have vaniſhed. e. 
Manner of As in this Operation, it may be ſome Times embarraſſing to chuſe 
avoiding among the Terms of the Dividend and the Diviſor, thoſe which ſhould _ 
working by ſerve to form the Terms of the Quotient. Fo remove all uncertainty 
n Aivifton. in this Choice: Here is what the Analyſts: have imaginſePPPPe. 
They firſt chuſe at will a Letter which is found in the Dividend and 
What is un- Diviſor, and they diſpoſe the Terms of thoſe two Quantities in ſuch a 
derſtood by Manner that the Terms may ſtand firſt in which this Letter has the 
2 4 greateſt Ex ponents, and thoſe next in which this Letter has the next 
cording to greateſt Exponent and ſo on. Having therefore ordered the two propoſ- 
leiter ed Quantities according to the ſame Letter (it is thus this Operation is 
called) the Terms to be divided are no more determined by conjecture, 
it is m_ the firſt Terms of the Dividend and Diviſor which are to 
When the firſt Term of the Quotient is formed by thoſe: two Terms 
of the Diviſor and Dividend, and the Product is wrote with different 
Signs under the Dividend, if this Operation introduces Peri of a 
different Kind from any of thoſe im the Dividend; Care is to be take 
in writing the Quantity: which reſults after the Reduction to place the 
Perms, ſo that the Quantity which remains to be divided be always 
ordered according to the fame Letter as the Diviſor. 2 
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To illuſtrate this Method, we will apply it to ſome Examples. Let. 
it be firſt propoſed to divide the Quantity 31 4 5 + 2 pe ＋ 24184 * g 


 — 38.443 — 13 25 5 by the Quantity — 3 4 + 24+ 4 lj. , "going me- 


Having wrote dawn thoſe Quantities.in the Manner above, where they ad d an 
2 in r A 1 
I. divide the frſt Term 2.4% of the Dividend by the firſt Term 2 ß 
the Diviſor, and 1 write the Quotient a* under the Diviſor, without ff.. 
fixing any Sign to it, that is, I mak it. affirmative, becauſe the Term 5 
24 and 2 a* are preceded by the ſame Signs. The Quotient a* being 
ſet down I multiply it by all the Lerms of the Diviſor, and as this Mul 
a e er 87k n T kr, 175 R of n into 2 4 with: 
the Sign +, ſet down this Term under the Dividend with the Sign — 
begaußß . to be ſubtracted. Wt (un 55 28 K LN 
In like Manner, becauſe the fecond Term 3 $43 Product of 4 into 
2 ſhould have the Sign — by the Multiplication, I write under the 
Jividend, ＋. 36 43 ſince it is to be ſubtracted, finally becauſt the third 
Term. 4 5. a Product of & into 4 ſhould, have by the Multiplication: | 
the Sign + I write it under the Dividend with the Sigg 
This being done, I draw a Line and reduce; the Quantity which re- 
mains is — 10.6.4? + 27 64 a+ —- 38 55 4 . 24 8 which is to be di- 
vided by the ſame Dviſor 2 4 — 334 + 44. To perform this Divi- 
fion, I divide the firſt Term — 10 àq a5 of the Quantity to be divided by 
the firſt Term 2 u of the Diviſor, I write the Quotient — 53 à beſidſs 
n, and multiply this new Term of the Quotient by the Diviſor, and | 
Write the Terms of the Product with contrary Signs under the Quantity 1 
to be divided. After the Reduction there remains 12 54 4 — 19 o 99 
%% • . nid, acts oe ET _ 
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4 


_ _ The firſt Term 12 53 45 of this Quantity being divided by 2 4 of te 
Diviſor, gives + 63 for third Term of the Quotient, and as the Pro- "TY 
dudt of is third Term into the Diviſor:deftroys- all thoſe of the Qꝑan- ; 4. "+ 
tity. to be divided, I conclude that the Diviſion is ended; and that 
* — 5.64. + 6 b is the Qustient ſought © 
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: 101 it be prophiad to Sivide: 6 330 — Ty — 9 02 ht 4 4 il by FOE: 3 23 5 
| ar ard + 2 + 2c, I write thoſe two Quantities in the Manner «Mi after | 


having ordered them according to the Letter c. 9 8 
Wo Dividing afterwards the two firſt Terms, I have 2 c* for the firſt 
5 "Term of the Quotient, which being multiplyed by the Diviſor, gives, af- 
8 | ter changi ing the Signs, the Quantity — 44 + 633 — 2 54 ea, which 
being placed under the Dividend, gives for Remainder 6 6c3 — 11 32 


— * 


5 4 6 25 c — 63, in which I obſerved to place firſt the Term 66bc af- 
M feQed by c3 introduced by the Multiplication, in order that-the Quantity 
. | may remain ordered according to c. Dividing afterwards this firſt Term 
WE | 66 es by z c, I have 35 for Quotient with the Sign +. I. multiply 
be - | tis new Term of the Quotient by the Diviſor, and Sri the Terms of 2 
A the Product under the Dividend, after having changed their Signs. After 
WE: the Reduction there remains — 2 52 c N 330 — þ* to be divided. 

3 The firſt Term of this Qgantity being divided by that of the Diviſor, 

gives for third Term of the Quotient 52 affected with the Sign —, be- 

cauſe the Terms 2 52 c* and 2 c* have different Signs, and as the product 

of this third Term into the Diviſor, deſtroys all thoſe of the Quantity 

to be divided, I conclude that the Divifion 18 N and that 2 * * 3 he, 
19 80 Sha is the Quotient ſought. 5 1 


| Fin enduring the Dividend at the Diviſor hearing to the 7 Me 
Letter, there occur ſeveral Terms in which this Letter has the ſame Ex- 

. ponent, we would fall into the ſame Inconveniency which we propoſed 
tao avoid; unleſs thoſe Terms be ordered again according to another Let- £ 


=_ ter, common to the two Quantities. \ 
EE Let us ſuppoſe, for Example, that the Dividend being ordered RI YL 
x55 00 ing to the Letter d, the firſt Terms are, 3 a 43 — 343 — 3 4 Cd 


Ei: 8 + 43 ds, and thoſe of the Diviſor, ordered according to the ſame Letter” 
1 n + cad — aged. Arranging theſe two Quantities thus a3 43 
1 grad + 3d — 363, didi — 2cad* + A &, that is, 
| ordering them according: to the Letter a, the Diviſion will be performed 


© without being liable to be embarraſſed in chuſing in the Dividend and 
3 Diviſor me Terms which ſhould ſerve to form thoſe of the NO 
1 
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Problem in There being gives tbe Jhecifick. 'Gravities. 
which two mixed together, the Bult and | 
unknown of each of thoſe Sub ſtantes which compoſe the Mixture.. 


— | 
are 


ed. 
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avEMENTS or ODE. a 


1 the e Solution of the . "Problents, we had ade to employ 


85 one unknown Quantity, becauſe in thoſe Problems there was, pro- 
: 5 21 ſpeaking, only one Quantity to be inveſtigated. But as we ad- 


Science of ſpecivus Arithmetick, there occur Problems, to 


it is requiſite to em 
4 they are to be managed. 


Vance in the 
dove which, 
hall therefore Proceed to explain 


-of the 


Let the Number of cubick Inches contained in this Mixture, or in ge- 


'_Fwo Subſtances wh; are 


to find the Ani f 


ſeveral unknown Quantities, we 


 neral, its Bulk after whatever Manner it is meaſured, be expreſſed by a, | . 


and its Weight by 5. 


Let the Quantity of the firſt SubRetice cantained-i in the Mixture, fo | 


5 1 the Number of cubiok aries of this — LF expreſſed 


> ſpecifick Gravity be expreſſed by c. 


Let the Quantity of the ſecond Subſtance be expreſſed by » and its | ; 


ſpecifick Gravity by d. 


The Welght of the - Quantity of the firſt Subſtance contained i in the. 


Mixture will 8 2 Med: by e K. 
For if x ex es 


Quantity of the ſecopd Subſtanee will 


| Mixture, hence we have the Equation ex + dy =. 


But this Equation is Hot Kifficient to ſolve the Probl x for At- TY 
gaging one of the unktown Quantities, for Example, *, we fink 


. . — whereby s cannot be ee, unleſs we ſoppoſe _ 


to be n There 1 is therefore ſome other Operation to be performed 
to diſcover y. To arrive at which we muſt examine ere all the, 
Particulars expre ed in the 8 have been attended to, or to ſpeak 
all the Conditions of the Proben 
upon Examination it will appear that only _ of . 


in the Lan 
have been 
the Conditions bas been 


f the Analyſts, 4 
ulfil led; 4 


expreſſed, and the Condition 1 


ttmat the Quantity of rigs” Subſtance, added to the Quantity o Pee EE 

_, © fecond, ſhould 3 28 Bulk of the Mixture has not been em- 
| ndition furniſhes the Equation x + 72 Wes” 

which, as the firſt, determines — by Mates ofthe 5 


ployed. Hence —— 8 
* * 


* the Wei; ght of n eubick {HY of this Subſtance, or in benen, its 5 


e of ts nee. 
and e the Weight of each cubiek Inch, their whole Weight will be the 
Product of thoſe two Nambers, In like Manner = eight of the 185 


d 
But thoſe two Weights added together is equal to 12 eight. of the 


1 4 
4 * ” : 5 
* — 9 . . 4 
— L * PI, 
ES. a ee 8 


5 


yr - i Ts 8 p Ee 8 ARI TH METICK, „ 
„ But if we cannot by either of thoſe two Equations, taken e VVV 

158 | Sud x independent of 5, by employing them both together we are en- Hh ,, 
abled to determine . For "De each of thoſe two Equations giv 22 „ 
CC 
en a a. which is deduced by the foregoing Methods | "0 


2014 


. 5 — dy = 4c — eg or 466 - dy, or finally y = 42 4 . 1 


1 
* * 
4 w. 
6 * 
* 
1 i 
*% p 
* « 
1 * 
* 


= * per 8 oxy appears that £ which is expreſſed by r ä 
is alſo known. We have therefore only | to ſubſtitute in _ 
1 thoſe two Quantities we pleaſe, in the firſt 8 for Eram- | 7 


I ple, inſtead of = , and we 1 bave * = +0 for the 
Vile o w : 


\/ 


+: *Da Ses the faregaing Vans e it vill rally t „ 1 
an that it can be e for if we put 6 to the ame Denomi- 1 
nator 25 the Fraction = we muſt. multiply it u by e- which „ I 
gives = . _ inflead nigh we have no more to do than to ſubz. 


1 


the reduced Www @: rnd”; OBS! I 
The Quantities 9 therefore 0 the firſt 3 a Fubſitance | 2M 
which IE the Mixture are exprelſed, one by = _ Fs and the, + 


ther 1 — = 0 conſequently the Problem is fares, | i e 5 e hs 5 MY 


ult — — which at Ge View b to beat v.. | = 
w from 21. Due * that the two Valyes « — „ 1 1 


* . 8 . 7 5 8 
f — 5 * * # 3 * 
— 4 8 * . 4 . * Tu ö 2 * 5 % * 4 -* 
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ELEMENTS or 15 
r ee thoſe. two N 


.. known Quantities muſt coincide. The e of reducing one to cle = 
| Other is as follows. 


Ifiſt give the Denominator « 0 — 4 1 the. Letter b, by multiplying 
it by « # 7 thet is, by ſubſtituting — = for b, and then and 
17 1 — X (ac — 3) 1 


7 foregoing Quantity - —— 0 5 . — vin be transformed into | 
EEA . N 
„ en Be N 
Z br. „ 


but i of 44 EE — 795 we may write 404 — 5 2 204 as 1 . 


Quantity ſhould be ſubtradted from bc — 5 wh the Path po W 


P ee, which 


%% I 


| by dividing the Numerator and. Denominator by the ſame Quantity cy 


| A plication . 
| the fore- 
; going ſolu- 

tion to an 


© exarnple, 


[ 


at ee becomes Ee the fime Value as e 


| g LIV. et 
To apply this & Solution to an 8 let the Mixture be 
ſuppoſed to be compoſed of Gold and Silver, its Weight to be 30 
Ounces, its Bulk 3 cubick Inches, the Weight of a cubick Inch of 
Gn 12 4 Ounces, and 1 of a cubick Inch of Silver 63 Ounces. 
We wall. have -@ = 3», 6 = 30, c = 125, 4 7 8. a W 


5 thoſe Values in the two general Formulas * = = = ye and y = 


C = -/ 


3 den vin become x = 14 and y 8 al is, the Mix- 


ture will contain 23 z cubick Inc 
; Silver, . Rent] 5 Fe 4 


of Gold, and + 1 cubick Inches « .of * 


$0” IK 5 ny; 


LV. 
It is eaſy to perceive after what we have ben in the fore going Pro- 
blem, that as at as two unknown Quantities are employed in a Queſ- ; 


tion, there muſt be two quations to diſen them, and when there 


are two Quantities req in a Problem, there muſt be two Conditions 


given to determine the i in order to deduce from thoſe two Conditions 


two Equations. To explain the Method as EEE mae” Conditions 5 
we have added the following Problem. a 


LVI. ; : 
Te Pipes, each of which run dy a. th filled. a Gif ern a, the 


25 one t during the Time b, the other during the Time cx # be ſus Jans 


55 ons the Values of x and of y, which will be performed, as in the fore 


* 
e 
* $1 2 


SPE o10 os A [VITAMETICE. 5 1 . , 1 
pet filled another Ci ern d, the firfl running durin the Time e, the fer quantities 
; a during the Time f. The Diſcharge of each Pipe 77 reguired. = IH ed. opt 4 


Let * and y expreſs thoſe Dif „that is, "fu Example, the 
5 Number of Hogſheads that each of thoſe two Pipes furniſh in a Day, 
fuppoſing the Ciſterns a and 4 to be meaſured in Hogſheads, whilſt the 


Times b, c, e, F are counted in Da 
- * be Quantity of Water furniſhed by the firſt Pipe, during e Tine, 
bs will be . by Rx; and the Quantity of Water furniſhed by 
the ſecond Pipe in the Time c, will be expreſſed- by cy. But thoſe two 
Quantities of Water by the firſt Condition of the Problem ſhould be 
equal to the Ciſtern a, hence we have bx + cy =a._ | 
In like Manner the Quantities of Water furniſhed by the Ge: Pipes 
during the Times e, F will be expreſſed by ex, f Js and e 8 | 
| the ſecond. Condition will: give e þ fy = d. e e 
We have no more 10. do now than to deduce from thoſe two Equati: 


gots. g Problem, by deducing a Value of x from̃ each of thoſe twb-Equa- - 2 
; tions, and then putting theſe two Values n, to each other. | | 
The firſt will be £2, the ſecond —.— Putting theſe 

| dow Values equal to each other, thers will ariſe —.— = A 2 
er % % or f = cog = bd 4 orfi- 


nally = IF — 7 . dee this Value of 7 in one of the two 75 . Fo 


1 Values of x,,in ——— —, for krample, there vill refult- 4 1 
nga LL) or & Le 222 3 

1 _— Pe 7 b X [b f — ce) WEST ; 

by giving the firſt Term a the ſame Denominator as the ſecond, and by.” x 


- multiplying the two Denominators, one by the other. 4. 
Performing afterwards the _— ber indicated | in this Value, ane RO Fir ble ©, 


eee there will ariſe x = =E. — ke 4_ — 3 | 761 


— ce 
Wherefore when the particular alues of ay h e, di e, 5 are 8 
1 we have only to ſubſtitute them in thoſe le general Values of 
x and of. y, to obtain any particular Solution we pleaſe. _ 5 
Inſtead of diſengaging x in the two foregoing- W e and putting Bo 


4 Na two Values which ariſe equal to each other, in order to obtain 5, it r 
is manifeſt” that if we diſengaged 5, and, afterwards put the two Values 
amy ariſe OT to each _ hue 2 the Rt would be tek Jl 
fame. . > "ol 


EF -- "ELEMENTS or 1 
= Rr pes 4aLVIE | s | 
n o 2 Cone: „ eee Halbes Problem, let us ſuppoſe that the 
the fo == firſt Pipe running five Da 7 and the ſecond four, filled a Ciſtern 
ing prop =” which — 330 H 
| | gd" two-Days, and the ſecond three, 4 
_ Hogſheads. 
In this Caſe ind $5066 6 45 2 4. Bake 195, 5 006 3 and 
_ conſequently 2 — tc = 0p bf —ce. 27a ohh 315, con- 
ſequentiy x = 22 S2 30, and 9 - — = 
— — = 45. Hence the firſt Pipe in this Example hg 
heads a hops: and the ſecond 4. 
unt. 


angle. Let us now ſuppoſe that the firſt Pie rmig do 3D 
he ſecond during ſeven, filled a Ciſtern containing 190 -Hogſh 


a Reſervoir Deg 95 


tern containing 120 Ho 
In this Caſe a = 190, any 0 4 = Tuo, cara fad) and 
conſequently a f de = 300, UTE bd — ae = — A400, 


which will [give 1 - = I7= 5 1 


1 


10 


Singularity The 1 Time che Analyſts Tound "Criler. Video that | is, b 


Print . ed by negative ones; without Doubt the 7. were embarraſſed to know 


this exam- What they meant, and probably reſumed the Queſtion, in ordet to avoid. 
21 thoſe Kinds of Divinon, and in the preſent Caſe would have pro- 


ceeeedes thus. 


diſcovering „ + fy =, and ſubſtituting i in thoſe Equations for a, ö, e, d, e, fi 
[Heir mean- the Values which thoſe Letters have in this Example, there would 2 


”__ ſult 33 + 75 = rgo and 4.5 ＋ 6 = 120, deducing from thoſe two 
Equations * 2 2 — —— and * — 43, they would have - 


put them equal to each ler, which would have green: * Ty.= = 
30 — 4 , or + —2⁵⁰⁹ 322 —= 30, or y'= 40. 
> Subflitmting afterwards this Value of in 30 — 13 Value of 4, 1 
duld have * = 30 — 60, that is, x =— go. In this Manner 
they would have alured themſelves that the Qyotient ariſing from 
400 divided by — 1045 pany he ein 27 9 * 
— 10 is 30. 


That gfterwards the firſt Pipe run- - 


afterwards the firſt running 4 Days, and the ſecond 6, they fille a Cif- 


e ex- Quantities divided by negative Quantities, and poſitive Quantities divid- 


Method of "They pag Flute the two general Equatiags ba +cy Sa, | 


{ 


1 


% 


4 
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 '. They ſoon after eſtabliſhed as general Principles that + diviged by + 


| produces +, that + divided by — produces —, that — divided by 


concern 


produces — that — divided by — produces -+, and the ſame for Mul- the gas e 


quotients or 


| Thoſe Principles were the more eaſily difcovered as they reſulted from . 


the Obſervations which muſt neceſſarily have been made on the 1 2 e 
1 


found for the Terms of the Products and Quotients, in ap lying thi 
Rules given for the Multiplication and Diviſion of compound Quantities, . 
-but it is probable that the firſt Analyſts did not adopt them until after 


they had verified them in ſeveral Examples. 


2 | KB ; BEA N 
To aſſure ourſelves that the Multiplication of — by — fhould pro- Demonſtra- 
duce ＋ in the Product, let us ſee what Aſſiſtance we can draw om tion that 
te general Method of Multiplications delivered Art. XXV. According ;; dog WH 
be fie Method, we fee plainly that the Produ@'of 2 Quantity, fuch'as niet tk. 


2 —b into another c — d ſhould be ac - Be- a'd ＋ 3, and con- duantities 


ſequently we ſee at the ſame Time that the Term þ d which ariſes from ceded by 
the Multiplication of & into d has the Sign +, whilſt its Factors 5 and d others. | 
have the Sign —. It remains therefore to know if when two negative 
\ Quantities, ſuch as — 5 and — d are not preceded by any pofitive 
- Quantities, their Product will be ftit + +4, the Truth of which vill 
e by obſerving that the Method by which we found the 
Product of a — 3 into - d to be ar —bS$c — ad + d was not 
reſtrained to any particular Value of à or e, and conſequently took Place 
when thoſe Quantities were equal to nothing. But in this Caſe, the 
Product ac. — be: — ad: + bd. is reduced to + bd, wherefore- 


— 
15 N 
: - 


| As to the other: Caſes, that is, with Reſpecs 


* 


; Lane 
ds © . * * 
- . tr £7 F 
Arg; oh 
Vary > 


| and Divifion of ＋ by —, they will be proved after the ſame Manner. © moatrued 


SEE: > Y eee 


T0 return now to our laſt Application of the foregoing Problem, it 
is to be obſerved that after having found = 30 and y = + 40 we 5 


| ſhould be ſtill at a Loſs to know what this Value of x meant. The How the ne ; : 


Method the firſt: Analyſts probably would have taken to ſatisfy them- gative value 


. found, folves | ©. 


ſelves in this Point, would be to return back to the Conditions of this. ths problems 


Problem or which comes to the ſame, they would reſume the two 


5 Values — 30 and +40 of & and of y, anſwered thoſe Equations, we 


Andi firff, Pat in this Cale 3 . 90 and-7.y = 280, conſequently 
18 E 280, which in effect is equa} to 190. in like 

Manner 4* ＋ 69 is found to'be => 220+ 240 which is reduced to 120. 

OO OE d ee wr 


= „ ; 
. 5 4 » * 8 - 
4 


- Equations 3x + 73 = 190, and 4 x + 6% = 120, and try: how the 


as } | HE 


— into — 4 


Wo: ns oe . 
8 n 3 » 1 n - 
N FIR N ae 2 £ q . R > —_" 
wo « n + a a Wo 3 
Al f * * <4 Mie J * 5 „ N. ” 
a 2 Ears 9 « 1 2 5 8 

* 5 2 1 7 "£44 2 rn W A" . 8 4 
* alt. g "$21. C 2 : HY 4 


to the Moutti plication TRE HEE, 


C 35 ey ELEMENTS: or i 1 

| RTE therefore diſcovered how the Values — 30 1 1 0 + 40 * 5 
.* +» and of y anſwer the Equations 3 x.+.7 y = 190 and 4x'+ 6y = 120, 
we perceive at the ſame Time how they anſwer the Conditions of the. 
| Problem; for ſince the Uſe that have been made of the Quantities 
3 x and 4 x, which expreſs the Quantities of Water diſcharged by the 
oe. 7 in the firſt and ſecond Operation, was to ſubtra@ them from 


from 6 y, which expreſs the Quantities of Water furniſhed in 


* ſame Operations by the ſecond Pipe. The firſt Pipe muſt 


be conſidered in this Caſe as depriving the Ciſterns of Water inſtead of 


furniſhing any, as it did in the other Example, and as it was ſuppoſed 

in expreſſing the Conditions of the Problem. 

We have here an Example of the Generality of the e Art, 
- whereby we find in a CI Caſes which we did not 2 clee could be 
| : Wen . | 8 ö 5 
1 | it LIT 

deer In almoſt. every Queſtion. folved after a anal 1 the 3 
. lyſts. found Caſes ſimilar to the foregoing, and they always concluded, 
. that when the Value of the unknown Quantity became negative, the 
_ 1 an Quantity. expreſſed by. it ſhould be. conſidered as being of an oppoſite. 


from what Kind from what it was. ſuppoſed . in expreſling the Conditions of the 


they were Problem. 


ſuppoſed in What has been faid with Reſpe. to unknown Quits, is s equally. 


ne _ _ applicable to known Quantities, that is, when a. general Solution is T 155 


| quantities, 


problem, as plied to any particular Caſe, if any an the Yom N Ss: * &c, in 
dude has Problem are negative, 3 
Rnmple er Let! it · be propoſed, for W to find what ſhould be in the fore- 
_ uſe of going Problem the Diſcharges of two Pipes that the firſt furniſhin 

ties made ater during 3 Days, and the ſecond during four Days, may fill a Gif. 

negative. tern containing 320 Hogſheads, and that the :ſecond Pipe afterwards 


furniſhing Water during fix Days whilſt the firſt diſcharges it during 


z 3 Days, may fill a Ciſtern containing 180 Hogſheads. 

We have anly. to put in the you Solution 4 = 320, b = 3» 
£88 fo G28 ITS Lb: Bo f = 6. : 
And there will reſult dc = 720, Aae 1920, ce= = 18, bf = 125 
4 — 960, db = 540, and con equently 4. — dc "a, 1200, bf 

2 C 


| — = 30s db —ac= we. os nen x gives x = FF ce 0 ä 


1 '\ * — LU | . 
1 = CE = 50. 2 
From whence it appears that the Diſcharge of the. rl Pibe i is 4 
Hogſheads a Day either to carry away the Water as in the ſecond + 


ration, or to furniſh it as in the firſt, and the Diſcharge of the ſecond om 
— a * which it furniſhes i in both N 33 
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fo r 
* £ * a. =. p 2 — 34 - 


. To ER Beginiinrs 10 the Manner of eh fe Solutions of „ 
. 1055 e to thoſe' Cafes in which the given Quantities are of an „„ 8 
| fite Kind from what they have been pate to be at firſt, I ſhall . 1 
another Example taken from the Problem of Art. Xxtv. in which it is 
required to know where two Meſſengers will meet, and will endeavour | _ 
_ to 5 from the eee Solution, the Solution of che en 7 : 


78 Meſſengers at 50 Miles Diſtince | 


h the 
quan 


at what Diſtance from Dublin they will meet. mw 


in the general Solution the firſt 1 r was ſuppoſed to recede from, 
and, in this Caſe, he goes to meet the ſecond. It alſo appears that the 


Letter 5, which expreſſes the Number of Hours that the firſt Meſſen- 


x this Caſe he ſet out later than the ſecond. 


5 fhews the Utility of aſſuming at Will the Signs of the given Quaritities en | 
in pe general Solution of Problems, is the reducing to the Solution of an degree, 1 2 


4 
— 


the two Equations 5 + cy = a, and e +) 


ger ſet out ſooner than the ſecond, ſhould be alſo negative, ANT in 44 


Hence: we have 1 e in the general Formuls - — 5 255 . 
. e., 185 | | 
* de — cf 


. 
Dh 


I 5 95 A I, = + | 9 2784 


{= . and We will have * = 50 * X 2 — 9 X - 3 4 X 3. | „ 


e NF 3 
259 + — 5 2 = = 36 45 by which we learn that when the : 


| EF) aL from Dublin Bike run 367 F ee wept thy Meſſen. 0 
: 7 ger from Newry. | 7 | 


TO oO TE” | 
One of the W Advantages of ries Arichmetick, bad "Hs Two —_ 
at- 


oever of the 


Equations ex 2 indefinitely all thoſe in which the unknown Quan- including 
tities are diſpoſed after the ame Manner, for Example, by Means of due un- 


LI. any two Equations whatſoever of the firſt may be. ſolved, be redged) 


pr rovided they include only two unknown Quantities. do the fo 
L for ple, hy two Equations mnx = p* y — 5 2. and e 

ng = = de pr opoſed to be ſolved: To com n 
OP ith the two firſt 15 rite hers mene 1 — Ter = 1 a 


} 


ur, it is required. to know made nega- 


5 d folved Article tries way = + 


-  / Comparing this Caſe with the. general Expreſſion of the. Problems, 7% hr. 3:48 n 
it appears firſt, that the Letter e which denoted the Number of Miles 
run by the rſt Meſſenger in a given Time, ſhould be negative, ſince 


1 om each Geber, one Bing, „ 1 
4. Example, at Newry, the other at Dublin. The firſt ſets out from ane e 

- Newry for Dublin at 8 in the Evening, Aiming at the Rate of 4 Miles id heck 
an Hour, the ſecond ſets out the ſame Day from Dublin for Newry, at cities are 
11 in the Morning, ruming 3 Miles an Hs 
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iy og . „ 1 * + BE = 7 . co aring them with the two Equations 
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* Þ+-. 
1 E with the fecond, , 


= 
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11 wh | bad freed the Equations Propoſed in this Erample FREY 3 f 


tions, before e compared them with the general F enn, they would 


Another 
manner of 
ſolving the 


foregoing 
example. 


| Prodi of the 24 Diviſors p e Fay þ + 9, and we will have the 
Equation (3m pp + 3mpg)-X x + (? e, 


N 2,2 


have been more readily ſolved. 
Let the two Members of ths + Equation . 22 9 0 59 7 
or 1 2 22 = — be multiplied ! by pp 74.5 


27 | 
In like Manner, let the two Members of the Equation mx + (p+ 9) ; 
be muhiplied by p — 7 and we will have m 28 m 7 | 
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X x + ee Xy=gn 
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mulas 6 = 3mpp + 3mpgq,c= „ 42 2 — 2 15 7 


= #4 1 np , = f* — 


= 7 nh 
From whence is deduced cd = 52 92 . an, af=—2npgq 


— 2 * þ* 92 It . 2 9 n +. 2x 07. ae Eo ans Ms 105 
53.4 3 un A4 Tee =2pgm—mpi—mprg, | 


„. — 3 m þ* bence 
e ee ee 7 


3 n 22 P. 11 4% %% | 


| bd—ae=—2nmg 


. . — 
Ne 222. 2294 
Wigs mfg amp — amp —amp"# Te. 


22 f + 32 — 22 ff — 2294 


7 2mppgg —4mpt —mp3g 3 5 7 


Ss 
of the two 


— 


and v eee 
Shs amppag —amnpt—mpgF3mpg" 
r 
Comparing actually thoſe two Values of x and of y with thoſe found 


in the fore oing Article, firſt the Identity of the two Values of ys 
eaſily perceived, As to the Values of x to diſcover. how the former can 
be the ſame with the latter; we are toobſerve;;that the Equality which 
ſhould ſubſiſt between thoſe two Fxpreſſions, neceſſarily ſuppoſes: that 
the Numerator gnfs + 3 f qo — 225 9 — 2 94 of the lat- 
ter contains the Numerator — qnf* — 4% % — 293 n of the 


former, after the ſame Manner that the þ 1 Blade 2 m pa 9 


— 42 N= — un ** 7 +384 mp 94 9 the: tend containg. the e Denomint- 
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> SPECIOUS ARITHMETICK. _ 


dor 4% m9 ＋ 5 hn +3 up of the former, and dividing the 
ſecond Numerator by the firſt, we find in effect the ſame Quotient” 
þ — J. as reſults by dividing: the ſecond Denominator by the firſt, that 


22 f H E —ang 


is, the Expreſſon- — is chang- 


2 mp go — 4 m p+ — 1539 * 3 u 73 
ne . 1 or by taking 


PP —q9X(4amp3g +5 mp*g + 32 * 
! 
4mp3g + 5 p T 3 f 


8 was eaſy to diſcover the Method employed to reduce the n 
complex Value of æ to the moſt ſimple, when both one and the other 
of thoſe two Expreſſions were known ; but if the more complex Value 


was only known, and it was propoſed to reduce it, to- its loweſt Terms, 
it would: have been much more embarraſſing, ſince we would net know- 
* what Quantity to divide the. Numerator and Denominator of the 
Fraction. Now as it would be an Imperfection in the Solution of a Prob- 


lem that a Quantity ſhould be reducible and not reduced, the Analyſts 
have ſought a Method for reducing Fractions to their leaſt Terms, or 
which eomes to the ſame, a Method for finding the greateſt common 
Diviſor of any two given Quantities. 7 a 


To explain what they have imagined in this Reſpect, let us firſt ſup- 


poſe thoſe two Quantities to be Numbers; let 'it- be propoſed, for Ex- 
ample, to find the greateſt common Diviſor of the Numbers 637 and 
143, or to reduce the FraQtion $34, to its leaſt Terms. e 

8 Dividing 637 by 143, the Quotient is 4 and there remains 65, that 
is, the Fraction $47 is changed into 4- + , hence the next Step 
is to reduce the Fraction x, or to find the greateſt common Di- 
viſor of the Numbers 143 and 65, For when this Number is found, it 


is manifeſt that it will be the greateſt common Diviſor of the Numbers 


637 and 143, ſince we can not reduce the Fraction to its weſt 
Terms, without reducing at the ſame Time 4 + x or $34 to its leaſt 
Terms alſo. RE | „ 


The two Numbers 143 and 65, on which we are now to operate, 


being much ſimpler than the two firſt 637, 143, it is eaſy to perceive 


that the Difficulty is leſſened, and that proceeding after the ſame Man- 


ner it-will be ſtill leſffened. Inſtead of the Fraction A to be reduced, 


I write, , not that thoſe Fractions are the ſame; but betauſe one 


cannot be reduced without the other being reduced alſo after the ſame 


| Manner. <0 reduce =, I divide 143 by 65, and the Quotient is 2, 
the Remainder being,13, We have therefore no more to do according 


to the ſame Principle, than to find the greateſt common Diviſor of 13 
and 65, becauſe the greateſt common Diviſor of thoſe two Numbers, 
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Now the greateſt common Diviſor of 13 and 65 is 13 itſelf, ſince it 1 85 
divides 65 exactly. Wherefore 13 is alſo the greateſt common Diviſor | {2 R08 
of 143 and 65, and conſequently of the propoſed Numbers 637, 143. . 
In effect 637 is 49 X 13 and 143, 11 X 13, from whence is deduced 


* * / 2 1 1 


that of 143 and 65, ſince the FraQtion 2 is changed into 


$37 = #2 an irreducible FraQzon. Ee? . 
EE = LT pe, „ a 
General me It is eaſy. to perceive that the Method employed in the foregoing 
thod for find Example, is applicable to any Numbers whatſoever. Let A and B ex- 
ne _— preſs in general any two Numbers, and let a be the Quotient ariſing 
divifor of from the Diviſion of the firſt by the ſecond, and C the Remainder, the 
tuo num- .Queſtion is reduced to find the greateſt common Diviſor of B and C; 
an then 5 being ſuppoſed to be the Quotient reſulting from the Diviſion 
of B by C, and D the Remainder, we have no more to do than to find 

the greateſt common Diviſor of C and D, that is, to divide C by D, 

and if there is a Remainder to divide D by it, and to proceed thus con- 

-tinually dividing until we find two Numbers, the leaſt of which is con- 

\ tained exactly in the greateſt, and this Number which is contained ex- 
_ ally in the other, will be the greateſt common Diviſor of the two firſt 
Numbers A and B. | „ 1 85 | 1 
This Rule in its full Extent, is founded, as, in the foregoing Exam- 


E ple, on this Principle, that the Fraction - being changed into 


r N 
8 + x . , cannot be reduced until - is reduced, and that | 
— cannot be reduced but after the ſame Manner that —— . and 


that G- being changed into þ + —S— cannot be reduced und 


i reduced, and ſo on. 


1 25 LXXII. 1455 „ 
We now proceed to ſhew what Alterations are to be made in this 
Method to render it applicable to ſpecious or algebraic Quantities, to 

underſtand which, let us firſt take an Example. _ 

Let it be propoſed to find the greateſt common Diviſor of the Quan- 

' ities 345 — 3baa + bba — 33, and 4aa — 5 ba + bb. 
We are, according to the foregoing Method to divide the firſt of thoſe — 
two Quantities by the ſecond ; but as the Diviſion cannot be performed, 
the firſt Term 3 a3 of the Dividend not containing exactly the firſt | 
Term of the Diviſor, I multiply the firſt Quantity by 4, ebllrview that 
28 4 is not a Diviſor of the ſecond Quantity 444 5 5 ＋ 31, the 


: * * 


. 


\_. SPECTIOUS ARITHMETICK. 


325 —3baa + bba — b and 422 —:5 ba + bb. © 


I I divide then, aceording to the foregoing Rules, 12 a? — 12 5 


+ 454 — 453 by 4 —5ba + bb; the Quotient is 3 a, and 
there remains 3344 +bba— 4 53, by which, according to the ſame 
Rules we ſhould divide 42 — 5 54 ＋ 33; but as the Diviſion of 


thoſe Quantities can not be performed without firſt preparing them, 1 
_ obſerve 19. that ô being common to all the Terms of the firſt Quantity, 


and not to thofe of the ſecond, it cannot be a Part of the greateſt com- 


mon Divifor of thoſe Quantities, wherefore I take it away from all the 


'Ferms of this firſt. Quantity, and T aſſume in its Place 3aa + 5 a- 
+ 4646. I obſerve 29. that if the ſecond Quantity 4aa — 53 4 
—+ b þ be multiplied by 3, which is no Diviſor of 3aa + 354 — 432 
the Diviſion will ſucceed ; I divide therefore 12 aa — 15 4b ＋ 332 
dy 324 ＋ 34 — 4.65, the Quotient is 4, and there remains — 19 45 
r r 
We have therefore no more to do than to find the greateſt . 
Diviſor of 3 4 ＋ 4 - 432, and — 19 23 + 19 62. As this Opera- 


tion requires that we ſhould divide the firſt of thoſe two Quantities by 
the ſecond, and that it is neceſſary in order to make the Diviſion of the 


two firſt Terms ſucceed, to multiply the firſt by 19 ö, which is an ex- 
act Diviſor of the ſecond, I take away this Diviſor from the ſecond,. 
whereby it is reduced to- “ . noo, 

But the greateſt common Diviſor of 33 3 + ba — 4353 and 
— 2 + 5, is — 2 + b itfelf, ſince the Diviſion of thoſe two Quan- 


tities is performed exadly. Wherefore — a + 3 is the greateſt com- 
mon Diviſor of 3.4a + 5a — 433 and of — 19ab + 19 33, 


wherefore it is alſo the greateſt common Diviſor of 12 4 4 — 15 45 
+366, and'of 34 a + b'a — 4 62, and conſequently of 4 aa — 5 5 


＋ 62, and 3baa + 554 — 433, as alſo of 12 25 — 12 3 4 4 


+ 4532 — 433 and 424 — 5 ba + 53, and finally it is the: 
| greateſt” common Diviſor of the propoſed” Quantities 3 a3 — 3 3 à4 4 
＋ 5354 — . and 42 — 5 ba + 32. 8 | | 
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It is eaſy to perceive that the greateſt common Diviſor of any 
other two Gu 


ef Art. LXxI. is that any two Quantities 4. and B will preſerve their 
_ greateſt common Diviſor when one of thoſe two Quantities, for Exam- 


ph 4, is- multiplied or- divided: by a Quantity which has no common 


Diviſor with B. 


— 


gantities may be found after the ſame Manner. The only . 
Principle which we. are obliged to add in this Enquiry to the Method 


1 
grenteſt common Diviſor of 12 43 — 123024 + 4332 — 4335, and . _ 
4424 — 5ba + 35 muſt be alſo the greateſt common Diviſor oF ++ 
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exact, D will be the greateſt common Diviſor ſought of 4 and B, but 
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The general Method for determining the greateſt common Divits oy 
27 be expreſſed thus. Let A and B be the two propoſed Quantities, 
fir 


order thoſe two Quantities aecording to the ſame Letter, examine 
afterwards what . Quantity is moſt proper to multiply A by, in- order 
that the Terms affected by the higheſt Power of the Letter according 


o which it is order ed may be diviſible by the Terms of B affected by 


the higheſt Power of the ſame Letter; if this 'multiplier-m has no com- 
mon Diviſor with. B, want Fo by it, but if it has a common Diviſor 
n, take away this common 


Place of 4. In like Manner aſſume in the Place of B the Quantity D, 


which reſults when B is divided by the Diviſor n, common with m. 


iviſor, both from m and B, and multiply 
4 by =, which will form a new Quantity C, which aſſume in the 


Then divide C by D, and the Diviſion being performed, if it be 


if there be a Remainder E, perform upon D and E the ſame Operation 


as on A and B, and ſo on until two Quantities are obtained, of which 


©. 


*Firſt exam - 
ꝓle. a e 


onè divides the other without a Remainder, and that Quantity will be 


£ 


the greateſt common Diviſor required. 


It is proper to obſerve, that if before you attempt this Operation, 
you can diſcover in one of the propoſed Quantities 4 or B any Quan- 


© tity which is an exact Diviſor of it and not of the other, it will be 


convenient to take away this Diviſor. 22 


To render the Application of this Method familiar to Beginners, here 


follow more Examples. | 


- 22 9, and 2 mp*gq* — 4mp* — mp3g + 3 mp g, of which 
we found 5 — 9 to be a common Diviſor, only becauſe we knew be- 
fore Hand that the firſt of thoſe two. Quantities, divided by the ſecond 
ſhould give the ſame Quotient as the Quantity 

.— 2, 9, divided by 4 m p + 5 mp*q + 3 wn, . | 
To reduce now thoſe two Quantities by the foregoing Method, 1 
take away q n which is common to all the Terms of the firſt of thoſe 
two Quantities, and is not contained -in thoſe of the ſecond; I take 
away-likewiſe-p m, which is common to all the Terms of the ſecond 


without being contained in thofe of the firſt, and thereby the Operation 


is reduced to find the greateſt common Diviſor of the Quantities (A) 


—4f — Pg + 2p + 39 and (B)P + 3ppgmapy 


— 299. 


| ring A by B the Quotient is — 4, and there remains / 2 11 5. q 
9 
tits firſt 


diviſible by the firſt Term of C, and that 9 is contained 


Let there be given the Quantities 9 1 55 + 3" 52 92 — 2 þ 95 


ngf 4% On 


3 5 97, as B ſhould be multiplied by 11 g in order to render 
erm di 


5 1 
i 
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35 
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cee and (B) 24.04 + (9.c— 585) Xa—126b+8 
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in | all the Terms of C, I multiply B-ſimply by 11, and I divide C by 7. 
hence the Queſtion is reduced to find the en Comm. Diviſor of 
the two 37 D I Fs * 33 * q— 11 * — 22 5. as (E) 
11 52 — f 7 

nds þ the gutt by by the ſecond, Ls op otient is þ and are remains 5 


F 27 — 17 — 22 93. muſt be multiplied b 
2 55 firſt I diviſible = that of this new Qbuntity > os 
that 9 is common to all the Terms of FE, I multiply E only by 39 
and I divide its Product ke 429 Pp — 23457 — * 1 beg (H) 39 p. 
— 17 þ 2 — 22 97 The Quotient is II, 


D—41 fo 


To render H 7 af ble by I we muſt multiply all its Terws by jo 1 ; + 
m 


but this Quantity is a Diviſor of H, wherefore I take it away fro 


and there remains 9 — þ for Diviſor to 39 52 — 17 pg — 22 9% "And 7 
as it divides it exaQly, I conclude that q — 5 is the greateſt common 4 


n ſought of the propoſed Quantities ER, 
FF 5 


Let there be given the two Quantities 434 1 biirwds Second ex 
2 2 44 — 5 456 ＋ 4c 8 % — 12 33, rang- ple. 


ing thoſe two Quantities according to the Dimenſions of a, we have 


2 à 4 + ba—ca—z3bb— 4] —ccandaaa+togca—s5gbe þ 


— 12553 + 8bc + 4cc, or (A)-2aa + (b — RAS 46 
S 


Dividing the firſt by the ſecond, the Quotient is 1, 8 | 


mains (C) (65 — 10c) & «+9635 + 1256 - gc. To render 


B diviſible by this Quantity, I obſerve that it muſt be multiplied by 
5 — 5 c, but before I per form this Operation, I try the Diviſion of C 


y 3 6 — 5 c, which ſucceeds, and gives (D) 2a + 36 +<« for Q- 


tient; the Queſtion is therefore reduced to find the greateſt common 
Diviſor of Fand D ; but B is diviſible. exactly-by D; wherefore D, or 


24 35 +cis the greateſt common Diviſor ſought of # & T. bk : 


— 355 — 45 — 4 — ccandgac + 244 34 + 
1 85 - 123 3. The firſt of thoſe Quantities being the Produ of - 
2 4 ＋ 35 + e into a— 6 — c, the ſecond the Product of 2433 
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e mto 2 — 45 + 4c, and thoſe two Quantities | 4 — 5 TOS 
e e + 40 1 no common Diviſor. % | 
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Ade e, and 55 4 d af — 15 cc + 46d) X -a + 2e ranged ac- ple. 
ng to the Dimenſions of 4. I firſt change B into (C) 2da® __ 3 
— (cc +24). X a + es by taking away from all its Terms the _ 5 6 

_ Diviſor 25 Which is not common wo ok A. OE 7 py A 1 ; : 


m4 55 +. 2 
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2, in order to make the Diviſion ſucceed, the Quotient is 44 — « 
and there remains (D) (dd —- ce) X (% 2d) Xa (dd—c) 
deres A-2448 et. To make this Quantity ſerve as a Diviſor 

| to C, we muſt firſt multiply C by (e's ec) X (cc + 24. 
But before I perform this Multiplication, I examine whether 

(dd -c) X (ee 2 c4) be not a Diviſor or a Multiple of ſome Di- 

' viſor of D. By inveſtigating the greateſt. common Diviſor of (ddl cc) 

x Ce 2 6% and — (dee X & + 2d 2 © ei, that is, 
of ddec — f ＋ 20 d — 23 d and — dd ＋ & + 240 


— 2:43 c*; and I find that the fecond of thoſe Quantities is the Product 
of the firſt into — c, and conſequently that . Dis the Pro- 
duct of (dI—ce) X (ce + 24 e into a—c; wherefore inſtead of 
multiplying C by (dd - cc) X (cc + 2 dc). I divide D by this 
Quantity, and the Quotient is (E) a — c, and as a — c divides C ex- 
aly, I conclude, that a — c is the greateſt common Diviſor ſought. Y 


ek... 


Another The greateſt common Piviſor of two Quantities may ſometimes be 
wannerof obtained without having recourſe to the general Method. For Example, 


fndiog che the two foregoing Quantities (4d —cc) X 4 + 4 —ddecc and 
ee 44a 4 — (2c + 4cd) Xa + 263 being ordered according to d, 


tities in the 


ol the quan- and conſequently being reduced to this Form (a 4 — c X dd + + 
"foregoing | OB BEE and (4 — 440) Xx d + 263 —2 fa, it is 40 to per- 


ample, ceive thgtg n —© c is a Diviſor of the firſt, and e — a a Diviſor of the 
| - ſecond. "But as — is divifible by. c — a, wherefore c — à is a Diviſor 
of the two propoſed Quantities ; I divide therefore both one and the 
other by e — 4, and the Quotients are (cc — dd) Xx (c + a); and 
'4ad + 2cc; which by Inſpection are found to have no common 
Diviſor, conſequently c 4 or a —c is the greateſt common Diviſor 
-of thepropoſed eee 
/// IODBES 5 + 4 1. Hon 


. zpoſed to find the greateſt common Diviſor of the two: 
MES} youre: > > le 5 . 6 ; 3 4 4 3 . 6 d 3 * . ; 
tities whoſe Quantities 687+ 15 a* b — 433 — 10 4h and gs b —278abc 
_ "0 b c3, I firſt take away aa from all the Terms of the 
viſoris firſts and 3 from all thoſe of the ſecond, whereby they are reduced 
found inde- to 6 4 + 15 a*b—4 &cc—10bce and 3 4 — 9 4 2acc 
mewn ach + 6 c3; but as 5 is not contained in any of the Terms of the ſecond: 


ing method. Quantity, I conclude, that if it has 2 common Diviſor with the firſt, it 


muſt have one with its two. Parts 6 4 — 4 acc and 15 4 b —1obee, 

and that thoſe two Parts ſhould alſo have the fame common Diviſor. 

But it appears by Inſpection that 3 44 — 2 cc is the common Diviſor of ß 

moe two Parts, wherefore it is the greateſt common Diviſor of ibe 
' propoſed Quantities, if they have one, and dividing, in effect, thoſe two 
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| Quantities-by it, the Diviſion ſucceeds, cotiſec 


common Diviſor. 


From what precedes, it is eaſy to 


ſure of each Sort of Grain. 
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Aly it is their g 


e ur Wa quired in 2 
Equations in order to determine them, and in general there muſt be as Problem.: 
many Equations as Quantities required. As to the Manner of diſen- h 
gaging the unknown Quantities involved in thoſe Equations, it is pre- equations 


ciſely the ſame as for Equations involving two unknown Quantities, given to find 


For let three Equations be given, each involving three unknown Quan- . 


tities x, y, z; if a Value of „ be deduced from each of thoſe Equations, How the pa- 


and thoſe different Values be put equal to one another, it is obvious eee 


. 1 7 - , 8 z u unknown 
there will reſult two new Equations; involving only y and z, which will quantities 
be reſolved by the foregoing Method. If four Equations are given, in- involved in 
tions are 
found, 


— 


ſame Manner, and ſo on. „%%% rnb FIBRE whe 1 
The Uſe of this Method will be more clearly underſtood by Help of 
the following Problem, containing the greateſt Complication that Equa- 
tions of the firſt Degree involving three unknown Quantities are ſuſ- | 


_ volving four unknown Quantities, their Values may be found after the 8 | 


: LxXXx. bt 


Type Prices of three Magazines, each. containing three Sorts of Grain, Problem iu 


and the Number of Meaſures which each Magazine contains of thoſe three which three 
different Sorts of Grain being given; to determine the Price of a Mea- enten 


quantities 


Let a, ö, c expreſs the Numbers of Meaſures of each Sort of Orin ed, 


contained in the firſt Magazine, and let m be the Price of this Maga- 


Zine, * 1 B E 5 . „ 
Let d, e, f expreſs the Numbers of Meaſures of each Sort of tze 
ſame Kinds of Grain, contained in the ſecond Magazine, and let =» be 
the Price of this Magazine. | TEE 007 


— 2 


Let g, b, & expreſs the Numbers of Meaſures of each Sort of 18 A 
ſame Kinds of Grain contained in the third Magazine, and let p be the 
Price of this Magazine. ens MER ee 2 


bs o 


And let, y, z expreſs the Prices of a Meaſure of each Sort of Grain. 
It is manifeſt that the Price of the Quantity of the firſt Sort of Grain 
contained in the Magazine m will be expreſſed by à &, fince a, is the 


Number of . Meaſures of this Sort of Grain, and x the Price of a Mea- 
ſure; in like Manner the Price of the Quantity of the ſecond Sort of 


Grain contained in the ſame” Magazine, will be expreſſed by 5 y, and 
the Price of the Quantity of the third Sort of Grain contained in the 
fame Magazine, wilt be expreſſed by e E. Wherefore ſince” the Price = 


* 


% 


en,; . 3 110 
1 — | nelude, that when two Quanti- When chere 
ties are required in a Problem, there muſt be two Equations given. *** three 


8 5 ; | 333 5 | 7 177 ntiti © 
Likewiſe when there are three unknown Quantities there muſt be three quired in « 


are requir= 
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- 6 , . 
m of this Magazine is equal to thoſe three Sums together, we will have 
„% N EE i 

Expreſſing in like Manner the Conditions reſpecting the two other 
Magazines, we will have dx ey FZ n and g +by+kz=p. 
It is now Queſtion to deduce from thoſe Equations the Values of 

k, , Z; with this View I firſt deduce the Value of x from the firſt 


42 - 3 — 3 mow : 2 0 We | 
Equation, which is —— - — — „and putting this Value of & 


equal to that deduced from the ſecond, we will have the Equation 
| . — — . , putting afterwards the ſame 
Value . 2 EE equal to that deduced from the third Equation, 


+ 


veins Ls ee 
From the firſt of thoſe two Equations I deduce an — dm =. 
ecy—dby Hafz — de x, or y.= — —-— 5 


from the ſecond I deduce ap —mg =aby+akz—bgy— c g 25 


or = SEL Es, „ 
Putting thoſe two Values of y equal, it is manifeſt that we will have 

an Equation involving no other unknown Quantity but z, and that ſolv- 
ing this Equation the Value of z will be found. As the Calculations in 
this Operation would be conſiderable, I ſhall ſhew how they may be 
avoided by employing ſome Abbreviations which the firſt Analyſts who. 
were engaged in great Calculations eaſily imagined: 7 4 

| Wes > 


Manner of Thoſe Abbreviations conſiſt in ſubſtituting new Letters in the Place 
abridging of ſeveral Terms compoſed of known Quantities. . 


dont br par Inſtead of an— d n I ſubſtitute 4, for 4c — a f, B, for ae — db, C, 


tions by par 


ticular deno for ap —g mn, D, for ge —ak, E, for a h — g 5, F. 


mination. By thoſe new Denominations the foregoing Equations will beccome 


72 —— and y = - * — „which gives AF + B FA 
DC + CEz, from whence is deduced . 5 = 


aep —abn+ dhm—dbp+gbn=— en $4 
ack <aFf +TdÞc —dFE + gbf —gec 5 
(ae—db); + (gb —ab)n+ (dh—pe) m 1 a 
(ae—db) k + INT BJ) f + (4h) = g ? ſubRituting after: 4 
terwards this Value of & in one of the two foregoing. Values of. I, in 


a 1 1 1 
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the firſt, for Example, we 
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Y= FBF=CE © T 
een 
This being done, I ſub itute thoſe Values of. y and: & in one of the 
foregoing Values ef .x, in ., for Example, and there 
,DC—AF., 4 BD — AE' 


„ 
mX.(BF—CE) —cxX(DC—AF)—bX(BD—AE) ___ 
/ OPTI OTST 
(ch — fb) m + (cbr — bk) n + (bf — ce)p © 
C ¾ Ä 
23 I OY Een Fer Tg 1 $4 
To apply this Method to an Example, let us ſuppoſe that the firſb 
Magazine contains 30 Meaſures of Rye, 20 of Barley, 10 of Wheat, We 


- 


n BS e . 4 
| reſults x Wy a * ( T= UE * F CEP. 


or x = 


and that it coſt C11 105. 


That the ſecond contains 15 Meaſures of Rye, 6 of Barley, and 12. 

of Wheat, and that it coſt {6 18 . „ Fg 
That the third Magazine contains 10 Meaſures of Rye, 5 of Barley, 

and 4 of Wheat, and that it coſt £3 15 . To determine the Prices of 


a Meaſure of Rye, that of Barley, and that of Wheat, we muſt put 


a = 230, b =. 20, = 10, == 230; 42 15, e = 6, ff = 124 


Subſtituting thoſe Values in the Formulas, you. will find. x.=4, . 
7 = 3» and z = 5, conſequently the Price of a Meaſure of Rye is 


Shillings, that of a Meaſure of Barley 3 Shillings, and that of Zr 


ſure of Wheat 5 Shilling. 
LYESHE 


A the Equations of the foregoing Problem are the moſt general of e 
the firſt Degree involving three unknown Quantities, . ſince each in- firit degree 


volves three unknown Quantities combined with known Quantities, it in rbich 
follows that Problem of the firſt Degree involving thre hs We 
ollows that every Problem of. the firſt Degree involving three unknown tities are re- 


Quantities, is included in the foregoing, as ſoon as it is expreſſed ana- wuiredwhen» 


_Iytically. To give an Example, let the following Problem be propoſed reduced to 


equations 


There are three Ingots compoſed of different Metals melted down to- are contain 


gether, of the firſt of which a Pound (Averdupois) contains, of Silver Oun- 2 in the 
des, of Braſs 3 Ounces, and of Tin 6 Ounces ; of the ſecond a Pound con- fen 
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"tains, of Silver 12 Ounces, of Braſs 3 Ounces, of Tin 1 Ounce; and 
2 Pound of the third contains, of Silver 4 Ounces,, of Braſs 7 Ounces, 
and of Tin 5 Ounees : How much of each Ingot muſt be taken to make 
a fourth, Which ſhall contain, of Silver 8 Ounces, of Braſs 3 4 Ounces, 
Let x, y, E expreſs the Number of Ounces to be taken of each of 
thoſe Ingots. J ß 
It is maniſeſt that 5 * will expreſs the Quantity of Silver in the Por- 
tion of the firſt Ingot, that 47% will expreſs what is contained in the 
Portion of * ſecond Ingot, and that r L that contained in the Portion 
of the third. 1 JJ eel I, | 
: % 1 As the Sum of thoſe three Quantities ſhould be 8 Ounces of Silver, 
ZW | ys pe e wad Equation Te & ＋ 15% + 52 =8, or ) * +129 
pe. like Manner the Quantity- of Braſs taken out of each of the three 
Ingots, will be expreſſed by r & T6 9, and z the Sum of which 
| ſhould be 3 $ Ounces, wherefore # x + #5 + 552 ==, of 3 * 
CTC 3 3 
The Quantity of Tin taken of each Ingot, will, in like Manner be 
expreſſed by £ x, 16 , 16 L, the Sum of which ſhould. be 4 4 Ounces, 
wherefore 5 * + 3535 + NZ 4 +4, or 6x+y+ 5 2 = 68. 
Me have no more to do now than to reſolve thoſe three Equations, 
which will be effected by putting in the foregoing Solution a = 7, 
1 = . „ 77 n = 50 £ =-6, 
=I, e 5. 5 = — | $4 2 | 4 HAK 
Subſtitorns hoſe Values in the Formulas, you will find x = 8, 
y =5, and z = 3, that is, we muſt take 8 Ounces of the firſt Ingot, 
5 Ounces of the ſecond, and 3 of the third to form the Ingot required. 
TS 3 dee 1 1 5 
4 It is eaſy to perceive that if there are more Quantities required than 
— were „ the Queſtion is not limited to Een Quanti- 
are indeter- ties, but is capable of a Number of Solutions, which however are con- 
minate. fined within certain Limits, as will appear by the following Example. 
Pöbere are three Ingots of Gold: The Mark * of the firſt contains 23 
Firſt exam- Carats of fine Gold, that 95 the ſecond 21, and that of the third 18. How. . 
fle. much of each Ingot muſt be taken to 2 a fourth, weighing 9 Marks, 
each Mark containing 22 Carats of fine Gold. © 5 „„ 


. 


Number of Marks to be taken of each of 


7 


Let x, 5, 2 expreſs th 
the Ingots. „ VF „ 55 

'Y It is manifeſt that 23 x will expreſs the Quantity of pure Gold in 
1 the Portion of the firſt Ingot, 21 y that in the Portion of the ſecond, 
5 And 18 2 that in the Portion of the third. Adding therefore thoſe three 
1 2 he Mark contains 8 Ounces, The Carat is the I of a Mark. DV ia 


JU 


* 


#1 
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10 spECIOUS i Arie 
Quantities, their Seen ſhould contain 9 Times 22 Carats, conſeqi uur 
28 a0 21% +18 £:= 2 * 9. And as the fourth Ingot compoſed. 
thoſe three Portions ſhould weigh 9 Marks, x + » ＋ 2 29. 
All the Conditions of the Problem being expreſſed, it is münzen that : 
the Queſtion is not limited to determinate\Quantities, becauſe there are 
three unknown Quantities and only two Equations, but it is evident that 
if one of the three unknown Quantities be determined, the other two 
will be alſo determined, and: the Suppoſitions which: may be made and 
the Limits within which they are confined, will be diſcovered by ſolving” 
_ thoſe Equations; whieh will be effected by putting ”'= 235 5 = 21, 
9 55 18, „ = AL XX Go f = $4 , Fung. | 
For then the Equation a n — m d=acy —bdy +ofu—cdz 
is reduced to an . 4 - 5) Xy t = X 2, TY 
or 1 — * — nf 2 2 — 45 where 1 obſerve, 19. that the Produ&t | 
$54 E of the greateſt Difference - 4 — c/into 2 — exceed the 5 
rodu& an n of the Number of Marks into the leaſt Differenee, 
other wiſe J would become negative. I obſerve, 20. that z cannot be 


ſuppoſed = —— V becauſe * would in this Caſe become = = o, 


that is, the fourth Ingot would contain nohe of the ſecond, which. is 
_ contrary to the Conditions of the Problem, hence the Limits within 
which the Values of 2 are confined, are z'< 1+ and za o. The 
op > being employed. by the Analyſts to denote the Inequality of the 
two Quantities between which it is placed, te Point being always; di- 
rected towards the leaſt Quantity. 

It is manifeſt that all the Suppoſtions for 2 included within thoſe L Li- 
mits will ſolve the ee i 


Let. for Example; * = 


4 


1 ＋ 4 Marks, then $'= = 


| N x 


1 we ; woſk take Mark of the ſecond, and conſequently 6 * of 
the firſt. In effe& 1 + 3 Marks of the third Ingot contains 28 4 Ca- 
73 of fine Gold, & a Mark of the ſecond contains 10 3 Carats, and 

6 2; Marks of the firſt contains 158 1 Carats;: and conſequently. the 
three Portions together contain 198 Catats of pure Cold, the ſame 
Quantity that is contained in 9 Marks, each Mark. confiſting of 22 Ca- 


rats of fine Gold; 


If we ſuppoſe æ = =: thay # 2 5 wich 3 that if we take. 1. 


Mark of ae third Ingo wg we pre take 2 of the ſecond, and conſequently 


6 of the firſt. In effec 1 Mark of the. third furniſhes 18 Carats, 2: 
Marks of the ſecond will give n 6 Marks of the firſt makes 1 385 


1 


== which 505 that if we take T 2 3 Marks of the third . 


Second ex- 
:ample. 
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Quantity, as is contained in 9 Marks, each Mark conſiſting of 22 Ca- 


rats of fine Gold, _ „ | | . 
To accuſtoſ Beginners to the Method of limiting the Anſwers to 
-all Sorts of Queſtions of this Kind, here follows another Example, 

- Suppoſe a Piece of Metal to be compoſed of Tin, Gold and Copper, 
' melted down together, its weight to be 375 Ounces, its Bulk 80 
-cubick Inches, let the Weight of a cubick Inch of Tin be 4 4 Ounces, 
that of Gold 11 4 Ounces, and that of Copper 5 4 Ounces, it is re- 


© quired to determine how much of each of thoſe Metals are contained 
an the propoſed Maſs. . %%%ͤö;ö˖ rl | 


Let x, „, z expreſs the Quantities of each of thoſe Metals. 
As the Quantity of Tin added to that of Gold and Copper ſhould 


compoſe the whole Bulk, x + y + z = 80. And it being manifeſt 
that 4 4 x expreſſes the Weight of the Quantity of Tin in the Mix- 


ture, 14 & y that of the Gold, and 5 , 2 that of the Copper; and that 


thoſe three Weights together ſhouſd be equal to the whole Weight of 
the Mixture 44 x + 11 $593 + 532 = 375 or taking away the Frac- 


tions 35 x + 93y + 41 z = 3000. 2 1 
The e two Equations expreſſing the Conditions of the Problem, it is 


-manifeſt that it is not limited to determinate Quantities, but if one of 


the unknown Quantities. be determined, the two others will be deter- 
mined alſo. In order therefore to ſolve thoſe two Equations, and there- 

by diſcover what r may be made, and within what Limits 
puts = 1,0 . 30; 4 = yr, 


they are confined, &- 
£=93, f = 41, „ = 3000, ſubſtituting thoſe Values in the Equation 


an—dm=(aec—bd)y + (af—cd) X x, there reſults 


58 y + 6 2 = 200. 
fm whence it appears . 
333 cubick Inches of Copper in the Mixture, for the Equation. 58 y +6z 


= 200, becoming in this Caſe 58 5 + 6 X 335 = 200 will be changed 


into - 58 y + 200 = 200, from whence is deduced 58 y = 200 — 200 


So, that is, there would be no Gold in the Mixture, which is con- 


trary to the Suppoſition, but all the Suppoſitions for the Value of*sz leſs 
than 33 J will anſwer the Conditions of the Problem. © © © 
Let us ſuppoſe z = 4, conſequently'6 z ='24, and 
or y = 3 2, which denotes-that if the Mixture be ſuppo 


x 


d to contain 


4 cubick Inches of 8 it will contain 3 Z cubick Inches of Gold, 
conſequently 72 25 cu 


ick Inches of Tin, ſince thoſe three Quantities 


- ſhould compoſe 80 cubick Inches, and 4 + X 7235 F114 X 335 


FO 22 U | We 7 3 
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SPECIOUS ARITHMETICK. | 
+ If we ſuppoſe æ = FE then 6 2 = 18, and the Equation 58 y + 6z 
= 200 will be changed into 58 y + 18 ='200, wherefore.'y ='"Þ = 
3 , which denotes that if the Mixture is ſuppoſed to contain 3 cu- 


7 37 | 


dick Inches of Copper, it will contain 3 & cubick Inches of Gold, and | 


conſequeritly 73 3 cubick Inches of Tin. Thoſe three Quantities 
together making 80 cubick Inches, and 44 & 7335 ＋ II & 3 
+53 X3=375 Ounces. bh, edn © F . 

| r Lxxxvr. | 


| Quantities is conſiderable, the Calculation for finding their Values ac- 
_ cording to the foregoing Method would be very laborious, we fhall 
therefore proceed to explain what Means the Analyſts have found to re- 
medy this 3 | . : 1 a 
On examining the Formulas expreſſing the Values of the unknown 
Quantities in the general Solutions of the Problems of Art. LvI and 
Lxxx, it will appear, that the common Denominator of thoſe Values is 
formed of all the Products that can be made of a Number of Coefici- 
ents equal to the Number of Equations, and that are taken each from a 
different Equation, and are prefixed to a different unknown Quantity ; 
. thoſe which involve the Products of two ſuch Coeficients having con- 


ax+ by Sc and dx + ey = , all the Products that can be 


prefixed to a different unknown Quantity, are @e, bd, to which if con- 
trary Signs be given, there will reſult ae — 6 d, which is the common 
Denominator of the Values of x and y deduced from thoſe' Equations 


Quantities ax +by ＋ e n, da ey Fx n, and gx + by 


ken each from a different Equation, and are prefixed to a different un- 
known Quantity, are a e-k, abf, debe, db l, gb f, ge c, and if con- 
=  trary Signs be given to thoſe which involve the Products of two ſuch 
Coeficients, there will reſult a e —abf ＋ dhc—dbk + 425 


z, deduced from thoſe Equations Art. Lx. *. 

It alſo appears that the common Denominator is changed into the 
Numerator of any of thoſe Values, by ſubſtituting in this Denominator 
| in the Place of the Coeficients of the unknown Quantity in the given 
_ Equations thoſe which affect no unknown Quantity. 1 
B For Example, if we ſubſtitute in the common Denominator ae — db, 


for the Coeficients e and 6 of y, in the Equations ax + by =c, ds 
3 H 


Ie is obvious that when the Number of 1 and unknown 


* 


Incon ven- 
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whlch che; 


foregoin 
a e. for 
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ing un- 
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tities is liz 


ble. 


Obſervati- 
ons which 
have ſerved 
to improve 


l | this method. 
trar ere . VVV 
For Example, in two Equations involving two unknown Qyantities 


made of two Coeficients taken each from a different Equation, and are 


Art. Lvs. In like Manner in three Equations including three unknown 


+ kz Z= p, all the Products that can be made of three Coeficients ta- 


ge, which is the common Denominator of the Values of x, y and 


+ ey S/, thoſe f, c which affe& no, unknown Quantity, there will 


- 


ELEMENTS or N 


Aan a 15 — de, which is the Numerator of the Value of 5, in like 


Manner ſubſtituting in this Denominator for the. Coeficients a and d of 
x, thoſe c and f, which affect no unknown Quantity, there will ane! 


ce — 6 2 which is the Numerator of the Value of x. 


If we ſubſtitute in the common Denominator aek —ahbf + d 5 e 


: IH +rbfo—ger for the Coeficients E, /, c of z in the Equa- 


tions ax +by+cz=m, dx +ey+fz=ngx+by+kz 


= þ, thoſe p, n, m which affect no unknown Quantity, there will re- 
ſult ep —abn + dhm—dbp + gbn— * which is the : 
Numerator of the Valve of z. 

In like Manner ſubſtituting in this Denominator for the beben 
b, G 5 of y, thoſe p, n, m, there will reſult akn —afþ + dc þ—dkm 
m— gen, which is the Numerator of the Value of y, 

Finally ſubſtituting in this Denominator for the Coeficients g, d, a of 


x, thoſe p, n, n, there will reſult em — fhm + chbn — 


General 
rule for find 
ing the va- 
lues of any 
number of 
quantities 
required 
when as ma 
ny ſimple 
equations 
are given. 


* bfp—ce Pe which | is the Numerator of the Value of . | 
LXXXVIL. 
From theſe Obſervations the Analyſts have deduced this Seiter Rule, 
for exterminating unknown Quantities in Equations of the firſt Degree. 
Let a, b, e, d, &c. be the Coeficients of thoſe unknown Quantities. 
and A that which affects no unknown Quantity, in the firſt Equation, - 
Let 4, 5, , d, &c. be the Coeficients of the ſame unknown Quan- 
tities, and 4 that which affects no unknown Quantity, in the ſecond 
Equation. 
Let , , c, 4 &c. be hs: W of the 6 A e | 


Quantities, and A that which affects no unknown Quantity in as: third, 


and ſo on. 
Form the two Permutations @-b and b a: aci{ewrite down 4 þ — 333 


| with thoſe two Permutations and the Letter c, form all the poſſible hes 7 


mutations, obſerving to change the Sign as often as e will change i its | 
Place i in ab, as likewife in ba; and there will reſult | | | 
430 — 4434 bb — bac + bca—cba. 
With thoſe ſix Permutations and the Letter d, form all the Perm 
tations poſſible, obſerving to change the Sign as often as d will change 
its Place in the ſame Term, and there will reſult 


— 2 


a4 bcd—abde + adbe—dabc—acbd + acdb—adcb + dach ＋ cab4—cadb 4 edab—deab : 
—bacd-+ badc— bdac + dbac brad —beda + bdra—dbca—cbad + cbda—edba+dcba: 


and proceed in this Manner until all the Coeficients of the firſt . 
tion are exhauſted. 

Afterwards preſerve the Letters which occupy the fr Place, give 
thoſe which occupy the ſecond Place the fame Mark they have in the 


ſecond Equation, and thoſe which occupy the third Place the fame Mark 


they have in the third Equation, and ſo on. And this Refult will be the 
common Denominator of the Values of the unknown Quantities. 


| like 
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© SPECTOUS ARITHMETICK. © 
The common Denominator being thus formed, the Value of * will 
be obtained by giving to this Denominator the Numerator which is 


Fraction which has the ſame Denominator, and ior Numerator the 
Quantity which reſults by changing 5 into A in all the Terms of the 
Denominator, and in like Manner the Values of the other unknown 
Quantities will be obtained. | | i 

Hence if there be two Equations and two unknown Quantities 
a * +by=4, dx + / = A, the common Denominator will be 
a 5, -A oral - 5. | . 


Tez Z= A, d Xx NY Te z A, al x +ÞB"y +42 = A, the 
common Denominator will be 42 e — ac e — bd 
＋ ISC -e, or ab - 4 , + A - c“ ＋ abou 
— 4“ & c, or ab —db) ＋ (a“ —aBb") A (SB — 4“ c. 
If there be four Equations and four unknown Quantities ax ＋E 55 
Tez＋ dt = A., XK NY EZ ＋ = A, X +b'y+"sz 


JA = Al, a & ＋ 5% y + "2 + dit = A", the common Deno- 
minator will be found after ranging the Letters in alphabetic Order to be 


found by changing in all its Terms a into A, and the Value of y is the 


If there be three Equations and three unknown Quantities ax +8 5 


ab ch d 4 5% Od ba Bd - VAd =a VU d 


59. 


+a Bd d —a % d bd BA" d bd Be ν = Be © 


＋ Bc d. -, bd —-4 b Od" , bd" =o" b Od 
Ta“ Od TA B c d -a dl % % %,. —alÞVc'd 


, du —G"V cd —d"Ve df b$o"VWdAd | 


or [l  —& bY)" % — % +@ e 14% 
+[(a'b — 4 5% ) t (a N —d"b )& , 4 B"Ye Jd" _ 


inn 


| +[( 1p —a 5%) ci. —+ (a „ nth )"+(@ 5. — ol! pt jc ]4 
Hl . — 4. je. + WW —& WW). + - , jet 


Now it is eaſy to obſerve, 1 that the firſt Term of any one of thoſe. Obſervati- 
De Eres 
to render 
this rule 


| Denominators, is formed of the foregoing Denominator multiplied by 


the next Letter in the Order_of the Alphabet, which it does not in- 
clude, 'this Letter being affeQed by the Mark which immediately fol- 
lows the higheſt of thoſe in this ſame Denominator. r 
2%. That the ſecond Term is formed of the firſt, by changing the 
higheſt Mark in it into that which is immediately below it, and that 
which is immediately below the higheft into the higheſt, as alſo by 
changing the Signs... | 


39. The third Term is formed of the firſt, by changing in it the 


higheſt Mark into that of two Numbers below it, and that of two Num- 
bers below the higheſt into the higheſt, as alſo by changing the Signs. 


more ſimple 


R 


. OH ELEMENTS QF - 5 
4*. The fourth is formed of the firſt by changing the. bigheſt Mark 
in it, into that which is three Marks below it, and e 
alſo by changing the Signs. | 
For Example, the ſecond Donaminate has. for firſt Term 3.— af b) o 
which is the firſt Denominator multiplied , which is the Letter 
which follows immediately the Letters a 3 b, and which has. the 
Mark “, which follows immediately the Mark 5 the, higheſt. of thoſe 
which enter in the Expreſſion 425 — 4 6. | 
The ſecond Term of this ſecond Denoginawe.i is (4% 5 — a 50 & 
in is no other than (a# — a'b) e's in which, the Signs have been 
changed, and the higheſt Mark / into which is immediately below it, 
and which is immediately below the higheſt into the higheſt “, and ſo on. 
Hence the common Denominator of the Values of the unknown 
Quantities in any Number of Equations is eaſily determined, for Exam- 
ple, if there be five Equations and five unknown CQuantines, * com- 
mon Denominator will be found by this Method to be 1 nt 9 | 


le „ e % + „ —a #) + % e .) e % 7 | 
nh. 
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SPECIOUS' ARITHMETICK.- 
8 : 0 1 8 : . 5 : | . LxXkxIx. | 4 4 A 5 ; $ : £ ? . 7 5 
When there are as many ſimple Equations given as Quantities, re- Probleme 
. quired, generally ſpeaking, the Problem is limited, but in ſome parti- nich fur. 


. 0 . . . 6 a 4 ih i 22d - 
cular Caſes it may be unlimited or indeterminate, and in others impoſſi- 4 taus. _—_ 


8 ® o 
* 7 * 1 
. 4 
ti ' 


thing; that is, if there be two Equations given, when a5. — a' b = o, e gf 


if there be three, when (a# 4 b) cl ＋ Ca — 8-6"}:6 + C &, limited, but 
— 4“ % So, &c, then if the Quantities 4, A's A", A, &c. are in ſome caſ- 
ſuch that the Numerators are alſo equal to nothing, the Problem is inde- 1 _ | 

: | Le f . mited an 
terminate; becauſe the Fractions 8 which ſhould expreſs the Values of the in others im 
unknown Quantities are indeterminate; but if the Quantities A, 4, A, poſſible. 
&c. are ſuch that the common Denominator being equal to nothing, 
the Numerators or any one of them is not equal to nothing, the Prob- 
lem is impoſſible, or. at. leaft. the Quantities: required. are all or ſome of 


them greater than any aſſignable Quantities. For Example, let there be 


given the two Equations 2 3 * — 2'y'and''5'= 6 x — 4 y, there 
will reſult x = ; and y'=&; Now. as © is leſs than any aſſignable - 
Quantity, it follows that x and y are greater than any aſſignable Quan- 


"A. 


If, the unknown Quantities. be diſengaged according, to. the ordinary. 
Method, there would reſult this abſurd Equation. #4, for the firſt 


_ Equation gives x =-5 y + 5, and. the ſecond x g +.5. Wherefore 


2.0 +3 =$3.+ , org =, Which is abſurd, it x and y are aſſign- 
able Quantities, but if they are greater than any aſſignable Quantities, it 


may be ſaid without abſurdity, that x = 3 y + 5, at the ſame Time 


no ContradiQtion. - 


that x y +5; becauſe the finite Magnitudes 3 and g vaniſhing in 
Reſpe& of the infinite Magnitudes & and 3, the two Equations 
=7, +73 and x e EZ are reduced to x r which involves 


? 2 


89 en 
1111 
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The greateſt Difficulty which commonly occurs in the Solution of a 4 


Problem conſiſts in finding the Equations ariſing from the Conditions, 


the. Analyſts examine, 1%. whether ſome Quantity known or unknown, equations. 
whether _— the known and unknown Quantities there be any which 


LACY 


becauſe it often happens that the Relations neceſſary for forming 1 Rules for- 


e bringing 


tions are not expreſſed in the Conditions of the Problem. In this 
- I N. . "L129, te problems to> + 


whoſe Relation with the other Quantities can be expreſſed 8 Equa- 
tion, may not be introduced into the Problem; and if no ſuch Quantity 
can be found, or if this Quantity is not ſufficient, they examine, 26. 


may be expreſſed by new Letters, whereby a new Equation may refult.. 


To underſtand which, Iet the following Problem be propoſed. . 


” 


Problem. 


ELEMENTS OF 


There are three Meadows a, b, c, of the ſame Quality, each of a given 
Extent, in which the Graſs grows umformly; a Number of Oxen d will 
eat up the Paſture a in a Number of Days e, and a Number of Oxen f will 
eat up the Paſture b in a Number of Days g. It is required to find the 
Number of Oxen x which will eat up the Paſture c in a Number of Days h. 

It is plain that the Conditions of the Problem do not expreſs the Re- 
lations requiſite for forming Equations, but as it is Queſtion of the 


Quantity of Graſs in each Meadow when the Oxen entered & what grew 
during their Stay, I divide the Oxen of each Meadow into two Herds, 


ſubſtituting thoſe Values of y and u in the Equation x = == + <=, 


| from whence I deduce : = 


I ſuppoſe the firſt to eat up the Graſs grew in each Meadow when 
they entered, and the ſecond to eat up the Graſs which grows, hence 
I ſuppoſe d = +2, FT, „ +r. N 
I firſt conſider the Oxen which eat up the Graſs already grew, and 
obſerving that the Number of Oxen to eat up a Meadow ſhould be 
greater in Proportion as the Meadow is greater and the Time is leſs, 


4 


; J , Earls Ws x 
1 make the two Proportions y: 1 = — 9 end . . 1 


3 rd ntl. 2 + ue : 
> and 5 = ———. _ 1 
I next conſider the Oxen hich eat up the Graſs which grows whilſt 
the others eat up the Graſs already grew, and obſerving that their Num- 
ber ſhould be greater in Proportion as the Meadows are greater, without 
any Regard being had to the Time. I make the two Proportions 
Ziu=za:bandz:r=a:c, from whence I deduce the Values of 

cg- „ N 


2 and 7, Vir. = = and r= 


a i 7 
Now having ſeven Equations and ſeven unknown Quantities, d=y + E, 
| | | | 1 au 


e // os To, 


Subſtituting in the third Equation for s and r their Values, there reſults 
* = — + 2 and deducing from the Equations d + . 
And f = 2 + , = — aſe and 1 _ Tt nds. 4 SE and 


bh —acefg—bedeb+bedegp 


X'S. a abgh —abeb. 


To apply this general Solution to an Example, let the firſt Meadow 


| contain 3 4 Acres, the ſecond 10 Acres, and the third 24 Acres; and let 


12 Oxen eat up the Paſture of the firſt in 4 Weeks, 21 Oxen eat up the | 
Paſture of the ſecond in 9g Weeks; and let it be required: to. ud. ber 


many Oxen will eat up the third in 18 Weeks. B ſubſtituting thoſe 


Values in the general Solution, the Number will be found to be 36. 


% 


4 


| the nth Year will be expreſſed by a X (r= 


SPECIOUS ARITHMETICK. 
65 1 7 the Reſolutien Ll Equations the fer Degree. . + 105 


LIAVING fully explained what concerns the Solution of Problems 
df the firſt Degree, Order requires that we ſhould paſs to thoſe of the 
ſecond Degree, which we propoſe to treat of in this Chapter. As to 


the Manner of expreſſing their Conditions, it is the ſame as for Prob- 


lems of the firſt Degree, it is only to ſolve the Equations to which the 
Problems are brought, that different Methods are employed according to 
the Degrees of thoſe Equations. Of this we have an Inſtance in the 
following Problem, which in its full Extent includes Problems of every 


Degree, and is not more difficult to be expreſſed analytically in the moſt 


complicated Caſe as in the moſt ſimple. | 

3 , 2 þ * 77 15 by : | R N My 54 A | 4 ka” gg 2 £2 1 14 1 
Mercbant having placed a Sum a in Trade, finding bimſelf to be a problem 

loo ſer, is willing to withdraw at the End of the. firſt Tear, but having which in ita 

miſſed the Opportunity and not being able to obtain it until the End of the full extent. 


includes 


fecond, third, or in general until the End of the nth Year, be finds that the problems of 


Sum is diminiſhed by the Quantity b, more than it was at the. End of the every de- 


Let x be the Number fought; that is, what each £roo loſt at the 


Frſi Year. It:is required to determine how much per Cent. bis Loſs amounted ** 


| End of the firſt Lear. Making the Proportion 100: 100 — x = a: 


a X — „the fourth Term a X- — x(t 1 —— ) 


100 


will engel what the Sum à is reduced to at the End of the firſt Year. 


If this Proportion be continued | by faying 100 2 100 — * = 
een e en Lon #7, the fourth Term 
4 189 B 6 ae l % oP TS EE | 
2 Xen — x) , or a X (: — — will expreſs what the Sum 
a is reduced to at the End of the ſecond Year, and what the ſame Sum: 
4 is reduced to at the End of the third Year will be expreſſed by 


Py 


=o 3: ; 4 1 8610 3 3 ag 
a X (: yy N and in general what it is reduced to at the End of 


A8)“ that is, by a 
— raiſed to the Power u. 
100 DO | 
I now it was propoſed. to find the Equation to be ſolved, ſuppoſing: 
the Merchant to have withdrawn at the End of the ſecond Vear, it is 


multiplied by the Quantity 1. — 


„„ ELEMENTS OF 
manifeſt that. the Quantity a X {r= — 2 ſhould be put equal to 
he fore 

— 1 the Quantity a % (++ 5) diminiſhed by the an b, which 


for the ſe- 
e wh a * 0 — ) 24 N 0 — —)— b, or a ing 


Mga ion of 


% 


Oy cel, a . by the Exponent 2, 


— ts 
* * 6 - 5258) = * (: ===) — which | is re- 


duced to x* — 100 x ='— 10000 GT Equation of the. done De- 


gree, for to. ſolve which the. foregoing Methods are inſufficient, ” 
III. 
If the Merchant - is Tuppoſed to withdraw at the Eud of the third 


For the 4 9 x 13 
mird degree * the P to be ſolved will be a * 1 — 75 2 i 5 


=) - — >, which by multiplying I ==> t twice by it 


Tet, as the Expo 3 indicates, becomes? 


3 ME. ; + 3 125 2 £ | S 1 g * 6 . 5 D 


or pet — 300 x* 6+ 20000 K = 1000000 2. an Equstion more diffi 


cult to- "_ ſolved than the foregoing. 07 
IV. 


As to the other Caſes it is eaſy to perceive ow the Equations ths 
furniſh may be formed, and that the N will be always of a De- 
gree expreſſed by the Number n. If this Equation in general without 
ſpecifying the Number be . it my obtained by employing 


the general Expreſſion a X (1 — 0 * of the Quantity to which 4 
is reduced to after the nth Year, and the Equation will be : * 


# du FI E 
. . „ Pk FL. 


We ſhall for the preſent confine ourſelves to the Inveſtigation of the 
Solution of that Caſe of the Problem in which its Equayieg | is of the ſe- 


£ond Degree, that is, when it is ** — 10⁰ * = = — T0000 - 170 or ra- 


3 


mains therefore to khow whether by a contrary Operation every 


Gare Addition, provided) t the ſame Qu ntity be ad 
· 


will correſpond to 2 @, ,and.confequen 


2. a Squares it is one 1 
the firſt Member af the 


ip. = Fþ+ A 1 Bio bo ehe! 1 degree has 8 
6 = xprel 


$ercious: ARITHMETIOE. 
ther we ſhall inveſti Method for t ſolvin in ene al all Equati 6 | 
1 g man f fo Aale 1 


the fecond Degfeè. who 11 Jelſzchs 


* higher "Caſes 
of the ſane. ary will eaſily effect it after they Hons e 


n-the- general 


Methods to be explained hereafter” correſponding to the different De- 


gon of thoſe Equations. 


What moſt: naturally ocburs in ſearching for a Method for ſolving in laveſtigati- 


on of the me 


general Equations of the ſecond Degree, is to examine the Relatjon hed for Cote 
which ubfils between thoſe Equations and the Equations of the fi I 15 
Degree. Now it is evident that etery Equation of the > Dognee will ou Prone 
become one of the ſecond, if the two Members be ſquared, for Exam. ©** 8 


ple, x + a = becomes, when, ſquared, x* + 2 ax + a* = 64, it 5 3 


tiom of the ſecond Degree may not be reduced te one of the firſt. * 1% 7 
Let us take, for Exam ple, the quation 705 * 72 * = 77 A, 1904 ee 5 

y If af — þ x S9 is $4. the,Squar of ſom om: Quantity, the hy Part _ 

f which is x and hef ſecond a-known MOR la „in Rab to find b y . 


| Means the Equation. of the firſt Degree, which being ſquared, would mk 


8 ** — =— 9. Now it is eaſy to perceive that x* — p x is 


not a Sn at the ſame Time it is manifeſt that it may be made 


one by an dition of ſome uantity, and we 45 at Liberty to make 


zo the other Side of 
uation., 


To o Hag this Quantity which added to & — An renldee 7 it a bin . 
pleat Square, we have no mom to do than to compare it with the 

uare x + 2 @ ＋ 4, the Term K correſponding with 2 g K, . 

4 to A. Now: ＋ 8! what 

compleats & = 24 x, into a Sgua are, the- Square of — 4 b that ie, Sth 
will compleat 0 — x into a Square, that is, &2 — þ x + 4 will 
effect, Viz. that gf * r i hen r p. 
n * 7 Having therefore added r jo 
| 775 ibe ſame muſt be added to the ſecond, 
and there reſults x* — A pig. Now either the Quantity 
Fort, or he Que e Fee e 
wherefore x -— 2 p — & will be e equal to the Number whi 1 8 0 
multiplied by 5tfel 5 2 . 5 855 expt̃᷑eſſẽd e The fen / 
thus, / (fp. — 90, the Sign bein oyed by the Analyſts 1 
e the are Root of 1 of the Vin : before when i ir plac 5 N 
to be extra 


Employing therefore uh W gen = (6p —g)and 


and that of 4 — K „. 


of theſecond 


lyſts to include in one = am the f 8 


ga ich ty * 47 12 4 * ua 4 * ? 
wo my — n 1. * ” * * 4 » ; 7 
* » * 44 * *** 41 „ * vs 4 42 | my * 2 I 20 'E, „„ „ eee . 
o — 1 « =» 


lon the t Fd hoe two roots. 
94788 97 178. rt ei 1 


2 


An equation 


. ELEMENTS or. 
8 5 
In us now Hts this general Solution to the Equation 4 — 100 x 


2 10000 —, to which we were led in the foregoing Problem. 


Comparing this? Equation with & — * = — q, we will have p = 100, 
== 10000: . „and ſubſtituting thoſe Values in the Place of Pp and 7 


in the general "Formula #=H +6 —1. we will have 
* $0 +:4/ (2500 — r0000 —-).. 


VII. 
Rededen We may reduce to a more ſimple Form the radical Part 


of 7 9 re. a/ ( 2500 —. T0000 —) of this Value of x; by obſerving, that 


. — the the ſquare Root of the Product of two or more Quantities is the Pro- 


e itn © duct of the ſquare- Roots of thoſe Quantities ; for reſolving 2500 
Ole OT 16S +: 


faftors, = 10000 l into its Factors 2500, 1 — —, and extracting the 


1 


Roots of thoſe two Quantities. we mill have 50 and * (1 — 77 


hole Product g . —=); will be o/ (2500 _ 10000 =) 


= that is, that the Value of x will. be 50 + 50 "4 (: ins >). . 


As to the Demonſtration of this Principle, that the Root of any 

Product is obtained by multiplying the Roots of its Factors, it eafily 

may be found, by obſerving that the Square of a Product, as à 55, 18 

the Produ&t 44 ** 555 ef ehe Squares aa & bd o&.1 its Factors a and 5. 
F | 

10 mate Ve of this value of &, nothing more is required than to 

Example of Kew the Ratio that 5 bears to 2. Let 3, for Example, be the & of a, 
_ 2 25 that is, let us © 1000 the Merchant to have found'the Sum at .the End 
of the ſecond Year, diminiſhed by a- Quantity equal to the 2 of the 
Whole more thats it was at the End of 7 ri ear, according to this 


. Suppoſtion =: = =. and 1 1. — LS = . hence the Root. 


L eee eee. 


= 60 or 40. 
In. effect thoſe two Values of x reſolve the Pquation an — 100 x 


425 al 2400 into. which, the, aßen 8 * 2 — 10000 N 
1 0 71 1 by the Suppoſition of = — ===, "thee Weller * be 
fuppoſed = 60 or 40, * == 100 & becomes — 2400, | 


1. 


Js 


. 


n 


| Quantity are real and poſitive, however they do not 1 


— * 8 * 9 en unn 8 „* * . « * 2 a K * 
JAE e F N - p F "IE FS » 7 "ont He” A * WIS, 1 07 * * Tor * _ : p * 4 * 
8 7 oo the? . * g . . x ; K — 4 SS 1 9 N 9 7 * * * PO 
£ Bi » 4 of " . : 57 J C79 by * . S l WT 
p * ; n 5 * ks ; 
N : T 2 
N q ; 5 5 1 


: —* - J Þ, 
: OR 44 — : . a , „ 


SPECIOUS ARITHMETICK.. 


\ 


The Neceſſity of the two Solutions 60 and 40 will 5 aſter 2 


more ſatisfactory Manner, as follows. Let us ſuppoſe firſt x = 60, 
that is, that the Sum of Ke for Example, is diminiſned 60 per 
Cent. yearly, it is manifeſt | d of the r it woulc 
be reduced to £40000, and at the End of the ſecond Year it will be re- 
duced to C160; but £16000 are leſs than (40000 by £24000, which 


are the r of £100000, as the Problem requires. 


o 

"FA 5 
> i 
67 N 


that at the End of the firſt Year it would 


Let us now ſuppoſe the ſame Sum of ( looooo to be diminiſhed 40 


per Cent. yearly, at the End of the firſt Year it will be reduced to 
£60000, and at the End of the ſecond to 36000, but 36000 are leſs 


than the Sum (6000 by the Quantity £24000, or the 2 of £x00000. 


If 3 was ſuppoſed to be the 2 of a, then x =50 + 50 / —49 
50 ＋ 50 4/ 5 = 50 + 30, that is, 80 or 20, both of which will 

und to ſolva the Problem! © wo 5 hh heh 11 
N — be put = 4, there will reſult & = 50 + 30 % (1 — 4), or 
50 + 50 /- 4, but as the Squares of all Quantities are affirmative, it 
follows that the Phy re 4/ — cannot be aſſigned, or which comes 
to the ſame that the Problem is impoſſible in this Cafe. ER EI ITN 

Hence we may conclude that there is no poſſible Value which ſub- 


4 - 


ſtituted for * in the Equation. & - 100 = — 432322 will render the 
two Members equal, or what comes ta the fame Thing, that the Sum a 
cannot be leſſened each Year according to any given Proportion, fo that 


from the ſecond to the third Year the Diminution may amount to a 
Quantity equal to a Third of the whole Sum. The Analyſts however 
regard as a Kind of a Solution or Root of the Equation & — 100 x 
= — , the Value 50 + 50% — which reſults from thence, 
but they call it an imaginary Root, and this imaginary Root on Account 


of the 1gn + is always conſidered A8 a, double Solution. W n 


* 
— 


. + Frem the general Value of x, A P URN — 9 it appears that as 


often as the Quantity deſigned by 9 is negative and greater than 4 52, 
the two Roots of the Favation * — px = — will be both imaginary. 
8 as in the 


- 


foregoing Example both ſolve the Probtem. Let the follo 
be propoſed, WO 6 . 3 „ ̃ÄPO Ü! ] ]ð L »»» „ n 
The Sum of £190 was divided between three Perſms; whoſe Shares were 


In geometrical Proportion,” and be greateſt of tbem exceeded the leaft by { 50. 


What were the ſeveral Shares ? 


4 


ing Queſtion 


Another ex- 
ample. 


Third exam 
ple in which 
the root of a 
negative 
quantity be- 
ing required 
is impoſſible 


— 


Ta ee 
are called 


Equations 
of the ſe- 
cond degree 
whoſe roots 
are imagina 
ry. RY 
The real 
and politive 


values of 
the un- 


knownquan 


tity do not 
alwaysſolve 
the problem - 


If x be put for the leaſt of them, then the greateſt will be ＋ 50, Firſt exan- 
the Sum of which two ſubtracted from (190) the Whole, leaves 140—2 x 


ple. 


# 


"OI 
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for the mean Share: Therefore &: 140 — 2 x= 140 * * 50, | 
and conſequently. ( = 25x) & Us 50), that is „1950 — e | 
TAN RNA . br 3 K G, * == 19500, ane 


. 829 5 FL 3 
* — — . — ==, hence by compleating the Square 4 


2 — Sn, | am; + 2909. ; 19600 — þ I = = 225, 342 and by 


I 8 


extrading I Root x — 8. = FE» or x = 40 and & = 163 3, 


two real and poſitive Roots, however the firſt. Root only. ſolves: the 


Problem, the other two Shares being 60 and 90 Pounds. 


As to the Root 163 + it ſolves the following Queſtion. 


A Sum of Money was divided between three Perſons, wheſe Shares . 


in geometrical Proportion, ibe greateſt exceeding the leaſt by {30, and their 
Sum exceeding the mean Share by {190. What were the ys eral. Shares 

For the analytical Expreſſion of this Queſtion is (2 x — 140) = x* 

50 x, from whence reſults the fame. Equation as in the foregoing 
Queſtion, and in this Caſe x = 163 3. Becauſe the Equation 


| 19600 — 560 x + 4 x* = x* + 50'x, includes not only (140 — 2 &) 


= * + 50 x, but alſo (2 K — 140) + 50 x, which are the 


analitick 'Tranſlations of two very different Queſtions, the firſt of which 


gives x = 40, the latter 163 5, wherefore the Roots of an Equation, 


though: real and poſitive, do not beth folve the Queſtion in the Senſe it 


Second ex- 


ample. 


. - " 
K » 
* o — — py - 


mer bad travelled thirty Miles more th 
of 'Travelling,: the, former oxpetied to reach Londonderry in four Days, and 
dbe latter to reach Dublin in nine Dye; the Diflance Cs Dublin and | 


is propoſed, but conſidered in two different Lights, which Difference 
cannot be ann 4 Mon: wan a eee here * 
another Example. | 

XII. 


Te 7 Pavellers: 7 at — fame 8 the one „ Dublin, _ — 
Londonderry, tbe former for Londonderry, itbe latter. for Dublin; 
when they. met an bad computed their it war found, that the for- 
Ide latter, and ibat at their Rate 


Londonderry is required. 


” 
. 


I put x for the Number of Miles nen Dublin and Londonderry ; and | 


fince the Travellers both together had travelled x Miles when'they. met; 


it follows that ihe, forger had trayelled. TE — Miles, and the latter 


Enna Miles, according to. the firſt Condition of the Problem, there- 


ford. the remaining Part of the. formers Journey to Londonderry is 
1 = Ms, which he. e to n in Tor 1 and the 


8 „ 
- 1 
» £ * 


4" 3% 4 „ fl Rs 2 F733 if 2 iy 
* — 


DK rr o.oa >. vz;, aA . 
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| SPECIOUS ARI THMETICK. 
remaining Part of the laters Journey is —.— Miles, which he ex- 


bea; to perform in nine Days, 1 Wee into the Number of Days 
each hath travelled already, and 1 2 — . 


45 £ +30) Number of Days Sy 'by the Former, and 


" &— 3O 


X40 3 ED = 9: E 2 ——— Number of Days travel- 


* ＋ 3 | 
led by the "Pt but as they both ſet out at the ſame Time. and are 
now met, they muſt have travelled, rag ſame Number of Days, therefore 


4X(* +30) _ gX(*x—309)- 
x — Jo Ti 4430 


„ which after the neceſſary Re- 


| 3 becomes x2 — 156 x = — 900, whence by compleating the 


Square & — 186 * ＋ 6084 = 5184, conſequently + = 150 or x = 6, 


therefore the Diſtance between Dublin and Londonderry muſt either 4 
100 or 6 Miles; but 6 Miles it cannot be, becauſe when the firſt Tra- 
eller came up to the Latter, he had travelled 30 Miles more than him, | 
and had not yet reached Londenderry ;, therefore, the Diſtance between 

for then the firſt Traveller muſt: 

pave made 75 + 1 55 go Miles, and the ſecond 7 $7 15 or 60 Miles, 

from the Time of 

and the Latter 90 Miles to travel; but if the Former could travel 60 
Miles in 4 Days, he muſt at the ſame Rate have travelled 90 Miles in 


Dublin and Londonderry is 1 50 Miles; 


cir. ſetting out; therefore the Former has 60. Miles 


6 Days, and if the Latter could travel 90 Miles i in 9 Days, he Mut 


5 have travelled 60 Miles in 6 Days, as thẽ Problem requires. 


As to the ſecond Value, 2 55 it ſolves the following Þ Problem. p A 
Tuo travellers ſet out at the. fame Time, the. one from Dublin, the otber 


; from Swords, the Former . with a Deſign to: paſs through. Swords, and 4255 


Latter with a De en to travel the ſame May. The, Former bad avertaken 
the Latter, and ving computed their Journey, it was fe found that they 
had botb_ together travelled 30 Miles,. that the Farmer ba 4 paſſed. Ahe! 
Swords 4 Days before, and that- the Latter- at Bit Rate of avelling, was 


=; nine Days Faurney diſtant from Dublin. The Diflance of Dublin fro F mn : 


Swords is required. 


For if „ be put for the Number of Miles from Dublin to Swords, then 
WW itis plain that the firſt Traveller muſt have travelled more Miles. than the 
Latter by x; but they. both together an de 30 Miles hen they met, 


wherefore the firſt muſt: have travelled - 


=, and the Eatter muſt 


| have travelled — — Miles, therefore the Diſtance of the Grit how: 
dude, after he 1 overtaken the ſecond, was 


-A 


< 
1 
- 
A , 


General 
rule for re- 
ſolving equa 
tions of the 
ſecond de- 
gree. 


” PU 


* 9˙2— dat, Number of Days travel- 


tions, becomes x* — 15 


ELEMENTS OF 


| he had travelled in 4 Days, and the Diſtance of the ſecond from Dublin | 


was 5 — =. Miles, which he could travel in 9 Days; therefore to find 
how many Days each had trrvelled already, I ſay —— | ; TE A 


„ : 


led by the Latter, and as they. both ſet out at the ſame Time, they 
muſt have both travelled the "fame Number of Days, wherefore 


, ich afier the neceſſary Reduc- 


0m Xx 30 ＋ * | | 
: 6 x = — 90o, the ſame Equation as found 


above, whoſe Roots are x = 150 and x = 6. Wherefore the Diſtance 
between Dublin and Sword, muſt either be 6 or 150 Miles, but 150 
Miles it cannot be, becauſe after the firſt Traveller had paſſed from 
Dublin beyond Swords, and at laſt had overtaken the "ſecond, they had 


both (travelled but 30 Miles, therefore the Diſtance from Dublin to 


Swords muft be 6 Miles, and this Number will anſwer the Conditions of 


the Problem, for then the firſt Traveller when he had overtaken the 
Latter, had travelled 15 + 3 or 18 Miles, and the Latter 15 — 3 or 12 


Miles. Therefore the firft Traveller had got 12 Miles beyond Swords 
in 4 Days Time, and the Latter was 18 Miles diſtant from Dublin, 


which he could travel in 9 Days, but at the Rate of 12 Miles in 4 
Days, the Former muſt have performed his 18 Miles Journey in 6 Days, 


and at the Rate of 18 Miles in 9 Days, the Latter muſt have per- 
formed his 12 Miles Journey alſo in 6 Days, therefore from the Time 
of their firſt ſetting out to the Time of their Meeting, they had both 
travelled the ſame Number of Days as the Problem require. 
1833 n ß ²¾ “ Loop 
It is eaſy to perceive that any Equation of the ſecond Degree may be 


reſolved by repeating the Proceſs purſued in reſolving the foregoing 


Equations, which may be expreſſed thus. 19. Tranſpoſe all the Terms that 
involve the unknown Quantity to one Side, and the known Terms to 
the other Side of the Equation. 29. If the Square of the unknown 
Quantity is affected with a Coeficient, you are to divide all the Terms 
by that'Coeficient, and if the Sign of that Power be negative you are 
to change all the Signs of the Terms. 30. Add to both Sides the Square of 


half the Coeficient prefixed to the unknown Quantity itſelf, and the 
Side of the Equation that involves the unknown Quantity will then be 
a compleat Square. 4. Extract the Square Root from both Sides of the 


Equation, which you will find on one Side always to be the unknown 


4X (30 + x). Number of Days travelled by the Former, and | 


_, SPECIOUS' SHAFHYMETICE  _ 7x 
Quantity, with half the foreſaid Coefficient ſubjoined to- it, ſo that by 
tn ol this half you may obtain the Value of the unknown han 
nd tity expreſſed in known Terms, for Example, ſuppoſe x* — 6 255 
; adding 9 the Square of the half of 6 to both Sides, there reſults 
SS * —6x +9 =9 + 27 = 36, and extracting the Square Root you 
8 will find x — 3=6 and 3 — * = 6, according as & ie > or. C6, 
nd  wherefore x =+ 3+ 6 or * e and x = — 3, which - both reſolve ; 
the Equation & — 6 = 27, in like Manner if x* + 8 x q, adding | 
2 16 Square of the half of 8 to both Sides, there will reſult x* +8x 
2 + 16 =16 +9 = 25, and extracting the Square Root you will find 
ey x +4 = + 5, that is, x =—4 +5, rx =—gandx=1T 
Ire | - . „ „ F . f 
ic- To accuſtom Beginners to the Difficulties which occur in the Solution 7 
| of Problems of the ſecond Degree, here follows:another Problem. | 
ns Let it be propoſed to find in the Line which joins two Lights the Point Another 
ag  auhere a Boch ould be equally illuminated by them, according tb this Prin- problem of 
80 ciple of Phyſicks, that the Effect of a Light is four Times greater when it «ea 
mn is twice nearer, nine Times greater when- it is three Times nearer, or in- 
ad creaſes as the Square of the Diflance decreaſes. e 
. Leet à expreſs the Diſtance between the two given Lights, and let 
- F the Ratio of m to n expreſs that of the Effect of the leaſt Light alt 
15 a certain Diſtance, to the Effect of the greateſt Light at the ſame Dif. 
tance. | Ee” pes „ . 
ds Let x: expreſs the Diſtance: of the leaſt of the two Lights from a 
Wat Point taken at will in the Line which joins the two Lights, -it is mani- 
* feſt that a — x will expreſs the Diſtance of the other Light from the 
155 ſame Point, that the Squares of thoſe two Diſtances will be x* and 
5 * — 24 x + 4, and conſequently the Quantities which decreaſe as 
th the Squares of thoſe Quantities increaſe will be to one another as = 
* — 24 h- 1 | | | | 
be From whence it follows: that if the Lights were of equal Force, the 
ng. Effects they would each produce in this fame Point would be to each 
I other as — to I — a mg but the - abſolute Quantities of 
vn. thoſe Lights being to each other in the Ratio of m to n, their Effects 
ms | 8 8 A OT 
re thereſore will be to each other r D 
of Now that the Point taken at will may become the Point required, I 
he put thoſe two Quantities equal to each other, which gives the Equation 
he To ſolve this Equation, I trauſpoſe the Terms m , and 2am x inte : 
vn | 


the other Member, and there reſults (n = m) x x + 2amx = naa. 


"ELBMENTS or 


ern 4 1 „ 'Lafterivards add to the two Mem- 
bers of this Equation the Square of half ihe Coeficient of the ſecond 


mx a n 4 
2a | 4 


— 


Term, and there reſults . 1 e a=» 


| , at 
+ — „ whoſe \ hon Member becomes Dn RY . by reduc. 
4 4 u n 


ing the two Teras — . 3 * 17 Pe r N to the ſame Denomina- 


| tor. | 
play erding the "AE Root of the two 3 thees reſult 


aamn am 
F 


—} 

By extracting the Root of the Part Tr . which 15 4 perfebe 
Square, and leaving under the radical Sign its Multiplier | m n, which is 
no Square, at leaſt for all the Values of m and a. Wherefore the two 
Values of x which ſolve the foregoing Equation, and conſequently the 


Problem which leads to this Equation are . by the Formula 
4 * E Ned e. 


Of the two "Prom this Expreſtion i it appears da one of i the Values i is N 
foregoing va rily negative and the other poſitive, for 19. if we take the radical 
Jues, one is Quantity / nn with the Sign —, there is no doubt but the whole 


neceſſarily 


poſitive and Quantity will be negative, 2®. if we take / m n with the Sign + 
theotherne — n f nn which we will have then will be TN: . e n 15 


gative.. ing greater n, 4/, m n muſt be greater than n. 
a 

Uſe of the = If we now enquire into the Uſe of the Er Value of the Dif. 
= ods. tance x of the leaſt Light to the aſſumed Point, we will find by recall- 
| ing what had been demonſtrated (Chap. I. Art. L XIII.) with Reſpect to 
thoſe Values in Equations of the firſt Degree, that its Direction is op- 
poſite to that of the firſt, that is, that the Point which it Sives for 
ſolving this Problem, inſtead of being placed between the two Lights, 
will be placed in the Line on the other Side of "the weakeſt Light. 

There can be no Difficulty in 'admitting this Poſition of the negative 
Value of x, when it is obſerved, that this ſame Value was found nega- 
tive only, becauſe the Problem was ſolved in the Suppoſition that the 
Point ſought was placed between the two Lights; for if it had been 
ſuppoſed (as it might be) to be placed in the Line Which joins them, 
produced en the Side of the weakeſt Light, there would have reſulted 
ee ee t0 this nee and x which] in ure ere 


$: . 


. ; * * 


' $yECIOUS ARITHMETICE: 


78 1 ben 1 in the Line eee on DANG Side of pron anden e woul 
be poſitive. ann 


xvri. ( 


"7 


. 
* 


Wo 


In order to make this appear, we will = and the Problems the Point | 


fonght being ſuppoſed in the Line produced on the Side of the weakeſt 
# pon of this Point from the leaſt Light being — - 


; by. x, its Diſtance from the greateſt Light will be expreſſed by a + xs 
the Squares of thoſe. nenen will be K and a + 20x + x*, and the 


2 , which being | 


Light. The.Di 


two Quantities of Light = 


Fiero * 


equal by the Conditions of the Problem, will give 


3 


Tonk in the Senſe it is propoſed. - 


— = — , ormat + 2 4 1 K + „ 

or (a n, or * — ee = a, 
| . 
which being reſolved will give 2 1 , the firſt Value 


| of which.: ax(mty/ mn) will be nn and ſolves: the Prob- 


As to the ſecond Value << 2 = 2 25 22 of the Diſtance. *, Heing 


the Point which it gives is not ſituated in the Line, which j Joins” 


two Lights produced, but in the Line itſelf. 


Hence in this Solution the Values of x differ From thoſe in the 


has been already proved in the fo 
unknown Quantities which become n 


XVIII, 


negative, it ſhould be taken i in an pre Direction to the firſt, that i is, 


the 


for- 


mer with Reſpe& to the Signs, and thoſe two Solutions confirm what 
regoing Chapter, Art. XIII. that the 
tive, ſhould: be always conſi- 
dered as being of an oppoſite Kind from what they have been ede 
in n expreſſing the RE er of the Problem. : 


In order to remove whatever Difficulties may occur to the Reader 


with Reſpe& to this Problem, we ſhall: apply it to an Example. 


Let 


Example of 
the forego- 


us ſuppoſe 'n'= 4 mn, that is, that the greateſt Light has four Times the ing problem 
Force of the other. Jo this Value of = in the general For- 85 


mula of Art. XIV. x = 


x (m + / mn), it will be transform- 


ed into x = FL. X 6 5 that is, + 4 a, or — a, which fur- 


wiſh. two Points, | both of which ſolve the Prohjow,: one ſituated between 1 | 


5514. 


| ELEMENTS or: 
the two Lights'1 twice nearer the weakeſt than the _ and the 
other in the line produced, at a Diſtance ron: the weakeſt * to the 


Diſtance between the two Lights. 
xiIx. 


The poſitive The poſitive and negative Values of the unknown | Quenity do not 


ana, — always, as in the foregoing Example both ſolve the Problem. Let the 
- ve bers following Queſtion be propoſed, 


know SH 
— os 51:1 2 buys ſome Ell. of Cloth for 70 Crowns, uy finds that if be 


e — 2 bad 4 Els more, be bad bought every Ell two u. cheaper. He ow many 
the problem Ells did be buy ? 


Let x denote the Number of Ells ought, then . the whale Price 


| by the Number of Ells, we have - _ for the Price of one Ell, and 


5 for the Price of one e Ell if he had got 4 Ell more, conſequent- | 


: FT 52 85 | 

1 — 22 —_ 8 5 4+ 4 * = 140, conſequently 
11 + 12, or x = TO and x =— 14, the firſt Value of x ſolves 
the Problem, as to x = — 14s. it does not folve the propoſed Queſtion, 


it ſolves the following, 
A Draper buys ſome 2 of Cloth for 70 Crowns, and finds that i be 


bad 4 Elli leſs, be would have bought oy; Ell 2 Crowns dearer. How 
my & 2111 did he buy * | 


In Effect the analitick Expreſion of this Queſtion is - PE 2 


22 > or & — 4* = 140, from whence is deduced x = 14 ny 


* — 
* — 10, which are preciſely the Roots of the foregoing Equation 
with contrary Signs. From whence it appears that the negative Roots 
folve the Queſtion, not as it is propoſed, but with ſome Alterations which 
conſiſt in ſubtraQing what ſhould be added, or in adding what ſhould: be 
ſubtracted. The Sign — which precedes the Root x = — 14, for 
Example, indicating that in the foregoing Queſtion the 4 Ells are to 
be fubtracted, and the 2 Crowns to be added to the Price: 7 45 — 
b Ar. | 
"a. Ik the Roots of a an Equation or Values ab the bob * 
queſtion is both negative, then the Queſtion- has been wreng ſtated, as will. — 
wrong ſta- by the following Example. 
lues of he A and B take in Trade L2112 ber Annum po but A whoſe Profits ar 
unknown er Cent. greater than thoſe: of B, clears £100 per Anuum more than. 
ram brig wh at are the Profits of each per Cent. and what do they clear per Annum. 
negative. Let x denote what A gains per Cent. Now ſince A for every £100 
he layed out in purchaſing Goods, recovered in the Sales 100 + K 


un and 2112 being the ie Sum recovered, 100 + x:x=21 I2: 


— — 
4 


rere 


r 6 TIS 3 . 2 , 
$2.0, i ark 8 CAL PS 
222 RY * 
N 2 —R | 


2 per Cent,.leſs than thoſe o 


Mo 93 
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Eren the whole Profit of 4, and in like Manner 98 + #3 x — 2 | 
= 2112: the whole Profit of B. Therefore 


2112 Xx — 


— 


2112 & „ 


100 ＋ & 


| oe ES bs ; 
* + 198 x = — 5576, whence by cope the Square and ex- 


tracting the Root x = 99 + 65, both which Roots are negative, 


' which denotes that the Queſtion ſhonld be expreſſed thus: 


2112 per Annum each, but A-wohoſe Loſſes are 
B, hſes 100 per Annum leſs than B. What 
are the Loſſes each ſuftained per Cent. and what did tbeir Leſſes amount ts 
yay, | ; 1 5 

In effect, ſince A for every {roo he tayed out in purchaſing Goods, 


A and B take in Trade 


' recovered but 100 — x Pounds, and £2112 being the whole Sum re- 


covered, 100 x : x 2112: — the whole Loſs of 4, in like 


Manner 98 — K :X + 2 2 21122 e the whole Loſs 


of B. wherefore = . 0c by the Queſ- 


tion. Hence #* — 198 x = 55 76, and compleating the Square and ex- 
tracting the ſquare Root x = 99 + 65, which are the ſame Roots ag 
found before but affirmative. _ e e 
From which it appears that 4 loſt £34 per Cent. and his whole Lofs 
amounted to £1088 per Annum, and that B loft £36 per Cent. and his 


whole Loſs amounts to £1188 per Annum. 


The Principles which we have explained are ſufficient for ſolving all 
Equations of the ſecond Degree, but to render the Application of them 
eaſy to Beginners, we ſhall proceed to exereiſe them in the Reſolution 
of ſeveral Equations, there will reſult this Advantage, that beſides their 
becoming better acquainted with the Method, they will learn at the 
ſame Time the new Operations of ſpecious Arithmetick, which, without 
doubt, are owing to the Reſearches which the firſt Analyſts have made 
on the Equations of the ſecond Degree. e 

Let b D 2 * + 


2 ca 2 c a 


have" *. — to the two Members of which, adding 


Ix. „and afterwards extracting the Square Root, we will have 
8 9 204 ab 444 ) _Gkbes (2ab + f). 
| Es | So OOO | 1 


* 3 


\ 


: 2; 2 c* a, tranſpoſing the Terms affected with x Other exam 
on one Side, and dividing all the Terms by the Coefictent of **, we will ples of che 


reſolution of 


. ELEMENTS or 
| N 


eee 22x =P + 75 and d 0 
** * 2g 2 OP nf + g* 2 „or * ＋ 2 3 


1 mn — 2 * — 
„ 2 + de 2— 2 ni. 
11 Ta ——_ —- m — 12 7 r 
R. 5 55 — I — ft 1 whence is a 
hs : : gnn =+ nd {fnntrrmn—ffau)., 


e walk mm — nn 


x = „eee tent 


mm —nn 
Let 46 e — 4 +2afz=az* —b zi be given, whoſe Terms 


being difpoſe in order, will become 1 = SK... — =, 


| — | 2af | "Hy fx: ates * 
and compleating the Square 25 = T=y-w 
abc—abbcÞ+ab af +4 (aabc—abbc 2 
" — 25 , hence = = LL a—b. —.— 

Let the Equation 4% — 2 * ＋E 24 * 1846 — 18 2 be pro 

| poſed, diſpoſing its Terms in order and reducing it, there: reſults. 
* — 4 K* 2 4 — 9a 5 ＋ 932, and compleating: the Square, be- 
comes x — 4 * + If 92 + 52,5 which gives. i TU. 1 
*#=4itaTV/ ($a —gab+ gh). 

The young Analyſt would have eafily reduced this Quantity if he 
had perceived, and he could not but have perceived by what * 
that the Square of a Quantity compoſed of two Terms, is equal to the 
Sum of the Squares of each of thoſe two Terms, and to double of the 
Product of thoſe two Terms, | 
For finding in the Quantity 2 a* —gab+9 u, the Terms 2 45 | 
and 9 b, which are the Squares of 4 4 and 3 5, and the Term 9 a 5 
which ts double _ Product of 4 à into 3 5. It is eaſy to conclude that 
this Quantity 2 * — 9:4a:b + 962 is the Square of 4a — 3, there- 

fore inſtead of the 3 / ($42 —gab+9 500%, we may write 
ſimply 3a— 3 . Wherefore the Value of & is Fa + 32a J 36, 
that is, either 2.4 — 3b, or —a + 36. In effect, both thoſe Values 
ſolve the given Equation. 
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| XXII. 
Proceſs of Among the different Equations of the ſecond Degree, which are re- 


_ yo waa quired to be reſolved, Caſes fimilar to the foregoing may occur; it is 


ſquare root therefore * to have a _ Method for diſcovering. ſuch h Quan: 


aA. A = 


"_o-— 
Coming» > 


— gt” +4 
- n 


_ SPECIOUS ARKITHMETICK. 77 
tities as are Squares, and for finding their Roots; this Method is eaſily explained — 
deduced from the Principles employed in the foregoing Example. The an example. 
Proceſs of this Method applyed to an Example, is as follows. 
Let the ſquare Root of the Quantity 30 4 0 + 962 + 25 a* be 
require. oh: . | N 


25 a* + 30 52 +98 10 4 + 33 
2222 ; „ 
|  zoba ＋ 9 Ws: 
3 ba 450 3 
0 „ 5 ö — 


I firſt range the Terms of this Quantity according to the Dimenſions: 
of the Letter a, for Example, as above. | 
I afterwards extract the Root of the firſt Term 25 a* which is 5 4, 
which will be the firſt Term of the Root, and 1 write it down beſide 
the propoſed Quantity 25 4* + 303 a + 9 32, ſeparating them by a 
_— «vold Confulion. T then write 1 "ks | A 
Quantity the Square 25 a* of Fa, prefixing to it the Sign —. I draw 
a Line and reduce, and there remains 30 a b + 9 b, which I write un- 
der the Line, which being done, I double 5 4. which gives 10 a, and 
divide the firſt Term 30 a b. of the Quantity 30a b + 9g 34 by 10 a, 
and I write the Quotient 3 5, which is the ſecond Term of the Root 
ſought, beſide 5 a, and I place it at the ſame Time beſide 10 a, and 
I. multiply. the. ſuperior Quantity by this new Term 3-b of the Root, 


' obſerving as in Diviſion to change the Signs, in writing the Product un- 


der the Quantity 30 42 b + 934, then reducing and finding that all the 
Terms deſtroy each other, I conclude that 5 2 + 3569 is the Root required. 
; | 7h „ + + 64 | FIST 
To render the Method of extracting the ſquare Root familiar to-Be- Anvtherers 
ginners, here follow more Examples. pn 5 e 
Let it be propoſed to extract the ſquare Root of the Quantity che ſ{quare- 
4a* — tab + 4ac＋ a — 23 + , whoſe: Terms are ranged ac- *** | 
_ cording to the Dimenſions of the Letter 2. 


| 1 | R . 
4 — 446 + 44. tb — 2360 e242 — 354 
22 8 5 * 44 — b _ 
—4aba+zca+ÞÞ —2 +> FT DoS 
7 oo on ER] 
466 n RS. 0 


. 
e 


; 9 x4 — 24 425 4 
＋ 12 


— 


wor Nea 
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7 


6 * — 440 


+ 26* 


16 at Lbs 
2 $398 ** — 4 a>. 


16 a* #* 
4 5+ 


24 a* x* 
12-05 or* 


24 a* K 
12 6* x* 


|1+1+1+|+ 


+ 2 6* 

16 424 | 18 
16 4 32 
1 
16 at 
16 42 32 
454 


. 
„ 


n 


2 +295 


_ 


+ 497 +8 


— 8 +4 
ym 4 


ks. Mi os. 9 My ted 


- Aettod.of © Mie ſquare Root of any Number may 
extracting Manner. If it be a Number 


the ſquare 
root of num 


found by the following Table. 
bers. ö 


Squares Is 45 97 


Roots I, 2, 3, 


Where it is eaſy to obſerve, that the Sq 


O 
XXIV. . 5 
be found out after the ſame 
under 100, its neareſt ſquare Root is 
6, 25, 36, 49, 64, 81, 100. 

45 3, 6, 7, Oz 9, 10. | 
uare of a ſimple Number 


cannot conſiſt of more than two Places of Figures, ſince the Square of 
10 the leaſt Number conſiſting of two Places is 100, the leaſt Number 


conſiſting of three Places. That the Sq 


uare of a Number conſiſting of 


two Places, cannot conſiſt of more than four Places; for the Square of 
100, the leaſt Number conſiſting of three Places, is 10000, the leaſt 
Number confifting of five Places; and in general, that the Square of 
any Number cannot conſiſt of more than the Double of its Places. 
From whence it follows that a Number conſiſting of leſs than three 
Places, can have but one Figure in its Root; that a Number conſiſting 
of more than three, but leſs than five Places, can have but two Figures 


in its Root; that a Number conſiſting of more than five, but lefs than 


ſeven Places, can have but three Figures in its Root, and ſo on, taking 
for Limits the odd Numbers 1, 3, 5, 7, 9, 11, &c. whoſe common 


* 


| 


888388 
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Difference is 2. Conſequently the Number of Places which the ſquare 

Root of any Number conſiſts of, is diſcoverable by Inſpection. How the 

Numbers correſponding to thoſe Places are found, we ſhall now explain. 

Let it be propoſed to extract the ſquare Root of 99856, as it con- Firſt ex- 
ſiſts of five Places, I conclude that the Root will confiſt of three. To ple. 
determine the Numbers eorreſponding to thoſe Places, I expreſs them 
by x, y and z, conſequently * + 2 K + * + (2 x + 29) 2 + 2* 
= 99856. Hence the Difficulty is reduced to find the Terms of this 
Quantity in the given Number 99856. ' : 

The firſt Number x being Hundreds, its Square x* will be 36 6316 
Tens of Thouſands, or Tens of Thouſands with Hundreds of ö 
Thouſands ; conſequently this Term ſfiould be contained in g. 9 
the Number correſponding to the fifth Place of the Propoſed, 
and its ſquare Root 3: Hundreds) is the firſt Figure of the Root, 6 1 98 
which I place in the Quotient, and ſubtra& the Square of 3 1761 
(Hundreds) from the propoſed Number. | | 

The Number y being Tens and multiplied by 2 x, the Dou- ES 
ble of the firſt, the Product ſhould be Thouſands or Thouſands 3 373 


— 


1 with Tens of Thoufands, conſequently the Term 2 x y ſhould 67 3756 
2X be contained in g, the Number: correſponding to the fourth — 
Place of the Propoſed: I divide therefore 9 by 6, the Quotient 0 
bwis 1 (Ten) which being the ſecond Part of the Root; I place it 


after the firſt Figure 3, and as y* the Square of the ſecond Part of the 
Root is Hundreds, I conclude that the Terms 2 x y + y* ſhould be 
contained in 98, the Numbers correſponding to the third and fourth 
Places of the Propoſed. I therefore multiply 6 Hundreds and 1 Ten or 
61 by 1, and ſubtract the Product from 98, and the Remainder is 37 
(Hundreds): 1 4 8 | | | 
It remains to find in thegiven Number the Terms 2 x z+ 2 y E, the Pro- 
> 2X du& of double the firſt Part of the Root (Hundreds) into the laſt (Units) 
which will produce either Hundreds or Tens of Hundreds, and the Pro- 
duct of the Double of the ſecond Part of the Root (1 Ten) into the laſt 
Units), from whence can ariſe only Tens or Tens with Hundreds, they 
will therefore be contained in 375, omitting the 6 Units which does not | | . 
affect thoſe two Products. I divide therefore 375 by 62, the Double of 3 
the firſt and ſecond Figures of the Root, and the Quotient is 6, which 

being the third Figure of the Root, I place it after the ſecond (1), and 

as 2* the Square of this third Figure is Units or Units with Tens, I con- 


clude that 3756 ſhould contain the Terms (2x + 2 y) z + 22, the 
Product of Double of the firſt and ſecond Figures of the Root into the 
third, together with the Square of the third; I multiply therefore 626 
by 6, and ſubtract the Product from 3756, and as there nothing: re- 
mains, I conclude that 316 is the Root required, 7 
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ir: ©. 4 Yb | 


| Proceſs of Tt is eaſy to perceive that the ſquare Root of any Number may be 


the extracti- 
on of the 
ſquare root 
of numbers, 


Second ex- 
-ample, 


diſcovered by the ſame Method of Reaſoning, the Proceſs of which may 
be expreſſed thus. Put a Point in the Place of the Tens, and omitting 
one, point every other Figure towards the left Hand, and by theſe 
Points the Number will be diſtinguiſhed into as many Periods as there 
are Figures in the Root. Then find the ſquare Root of the firſt Period, 
and it will give the firſt Figure of the Root, ſubtract its Square from 

that Period, and annex the ſecond Period of the given Number to the 
Remainder, then divide this new Number (negleQing its laſt Figure) by 
the Double of the firſt Figure of the Root, and quote the Number of 


"Times, then annexing the Quotient to that Double, multiply the Num- 


ber thence ariſing by the ſaid Quotient, and ſubtraQ the Product from 


the whole Dividend, as before. Annex the third Part of the given 
Number to the Remainder, which is to be managed exactly as the laſt, 
and proceed. thus, until all the Periods are brought down. If at laſt there 


be no Remainder, then will the Quotient expreſs the true Root. 
| = EV. 
Let the ſquare Root of 27394756 be 


required. I firſt point it into Periods of 27-39-4756 (5234 
two Figures each, and as there are four Ss © | 


_ Periods, I conclude there will be four Placesswam — 


in the Root, then I find the neareſt ſquare 102239 
Root of 27 to be 5, which therefore is the * Ty 
firſt Figure of the Root. I ſubtrat 255, + 

the Square of 5 from 27, and to the Re- 5 
mainder 2, I annex the ſecond Period 39, _ $47 
and I divide (neglecting the laſt Figure 9) - X-3/3129 
by the Double of 5 or by 10, and I place the 
Quotient after 5, and then multiply 102 _ | 6 
by 2, and ſubtract the Product 204 from 4 *) 
239; then to the Remainder 35, I an- & 4 


41856 
41856 


nex the third Period 47, and dividing | 


3547 (neglecting the laſt Figure 7) by the Double of 52, that is, 
by 104, I place the Quotient after 2, and multiplying 1043 by the 
Quotient 3, I find the Product to be 3129, which I ſubtract from 
the Dividend 3547, and to the Remainder 418 I annex the laſt Period 
56, and dividing 41856 (neglecting the laſt Figure 6) by the Double of 
523, that is, by 1046 I place the Quotient after 3, and multiplying 
10464 by the Quotient 4, I find the Product to be 41856, which ſub- 
tracted from the Dividend and leaving no Remainder, the exact Root 
muſt be 5234. 5 | . 182. 
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3 6, the Square of 6, from 38, and to che Remain- 


vide (neglecting the laſt Figure 4) by the dou- 


to be no more Figures in the Root; 
Places cannot have more than three Figures in its Root; but as 624 Mul- 


poſed Number 389489, and that 625 multiplyed by Itſelf gives for 
duct 390625, which is greater than the propoſed an 1 * 


it appears in eee 
by the foregoing Method, when there is a Remainder left, is hel than 


L - 9 2 


sy relous „AKI METICE. 
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XXVII. | 

"Ls the fat Root of 389489 ne prog : 
After having firſt Pointed it, I then find the , 
neareſt ſquare Root of 38 to be 6 which there- | 
fore is the firſt Figure of the Root; I ſubtract 


35 94- 89. (624 


\ 


der I annex the ſecond - cod 94, and I di- 
ble of 6 or by 12 and I place the Quotient after 
6, and then multiply 122 by 2, and ſubtrat * © 
the Product 244 from 294. then to the Re- 
mainder (50) I annex the third Period 89, 
and dividing 5089(negleQting the laſt Figure g) 
by the Double of 62, or by 124, I place the 


FEI e 50008 


Quotient after 2, and Multiplying 1244 by the 3 4s 1 fad the 


Product to be 5976, which ſubſtracted from the Dividend leaves the Re- 
mainder 113, and as there are no more Periods to bring down there are 
becauſe a Number conſiſting of fix 


tiplyed by Itſelf gives for Product 389376, which is leſs than the Pre 


that 624 18 the neareſt Root in Integers. 2 
A. | 5 


8 ; 
1 7 : 
F 
| # 
- 9 


Third ex- 


ample. 


ro- 


As this Reaſonin may be applied to any . Fatale 3 a ** | 


a 1 * Scher than a; conſequently if it be determinable it will be 


Now ſince Hi. is a Rade reduced to its leaſt. Terms, rg nable. 


will be alſo a Fraction reduced to its leaſt T e 3 for if * ie, 8 
1 an a+ m have. a common Diviſor, then the Denominator af the - 
when reduced would be leſs than u, conſequently | 


22 
—— 


Fraction . | 
the ssen 


A Fraction reduced to its 


2 


the ſquare Root a of any Number 4, found a number 


which is not 
2 perfect 
power of 
the ſame 


has not been reduced to its leaſt Terms, which 


is againſt the Suppofition. if therefore the ſquare. Root of a Number 
_ Which is not an exact Square is determinable. 
leaſt T erms when ſquared muſt ive an Integer, or which comes to the 


mM - | 
Pg —.— N expreſſing AND TIO reduced to its leaſt degree as 
: the root re- 
3 | 25 * 955 ET quired is 
| id not determi- 


. 
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82 Ip. + | 
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1 8 
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ſame Thing, two Numbers à and ö that have no common Diviſor and 
two Others c.and d that have no common Diviſor with one another or 


with the two Firſt, in their Product I _ c and þ d would have a 


common Diviſor. f 5 „ 

But it is Eaſy to perceive 10 that a c and h can have no common Diviſor 
E VVV Y 

or — cannot be reduced, for if poſſible let y =, A ſince 


5 gb, b is a Diviſor of b, but þ has no common Diviſor with 4 or c 
wherefore neither has h for if þ =r and, ſor Example, a= 7 s, then 
S gr, that is a, and b would have a common Diviſor which is againſt 
| a „ 

the Suppoſition, Again ſince ac = eb, r de et e e 
Fraction reduced to its leaſt Terms, wherefore 5 is a Diviſor of c, and 
conſequently þ and c have a common Diviſor which is likewiſe againſt the 
Suppoſition. In like manner it will appear 20 that a c and d can have no 
common Diviſor, and in general that any two Numbers which have no 

common Diviſor with a third Number, their Product will have no com- 


mon Diviſor with this third Number, wherefore ſince þ and d have no. 


Method of 
approximat- 
ing to the 
ſquare root 
of numbers. 


common Diviſor with ac their Product bd can have no common Diviſor 


with a c. hence we may conclude that if ＋ is a Fraction reduced to 


its leaſt Terms — 5 _ nd in general * will be a Fraction. 


reduced to its leaſt Terms, wherefore a FraQtion either pure or mixed 
Taiſed to any Power will give always a Fraction, wherefore if the ſquare 
Root, cube Root c. of an integer Number is not an Integer, it cannot be 
determined: as alſo the Root of a Fraction or of an Integer joined to a 
Fraction which when reduced to a Fraction each of its Terms is. not a 
perfect Power of the ſame Degree as the Root required, for each Term 
of the Fraction may be conſidered as an Integer a part, whoſe Root can- 
not be determined. aa . 
| „ SE | | 
Though the exact Root of an Integer which is not a perfect Square 


cannot be found, however we may Approximate to it to any degree of 


Exactneſs, for Example, to extract the ſquare Root of 389489, inſtead 


100 

that the Denominator 10000 be a ſquare Number, that is, ſhould contain 
an even number of Cyphers then extraCting the ſquare Root of the Nume- _ 
Tator which may be found true to an Unit, and dividing this Root by 100 
which is the ſquare Root of the Denpminator, the ſquare Root of 


Ly 
. 
5 ts 


* 


. 


to the Remainder 113 a period of * 29244 


624 or by 1248, and place the | 
Quotient (o) after 4 and then 12480\ 11300 

multiply 12480 by o and Sub- ũ © 

tract (o) from 11300 then to the 12480 2291177295 


Quotient 9 
1123281 from 11 30000, and to the 


12» e000 -» 


, 


$PECIOUS ARITHMETICK e 


D, or of 389489, will be obtained t true to 


1 0000 


1 if we had 


wrote 8288 2 it iscaſyto perceive tha the Rove would be fund 


true to 5 rg 5 and to on. Hence i in extracting the khan Roat __ the 
Number propoſed is gone through, if 'there is a Remainder the Operation 


being continued by adding periods of Cyphers to that Remainder, the ir true 7} 
Root will be obtained in Decimals to any degree of Exa@tineſs! ' | | 


XXX1. KT 
To Approximate, for Example, to 38. 9'4 . 89 (62/4/09 05 vid Bum 
the Root of 389489, having found 36 £ + obs 
its neareſt Root in Integers, I annex 122 (204. ; Pa IR 


Cam, 1 divide (neglecting the 
la 


Figure) by the double of 12 x4); 3 22 


eng rant (11 4 1 _— ano- 
ther Period of Cyphers, and divid- 

ing 1130000 rein the laſt 2 4 8 30 8 7 18 0 
Figure) by the double of 6240 or by 
I 2480 J place the —_— after o, * 2481 ©). 7 190000 
and une 124809 by the | 2492925 1-8 
ſubtract the Product : 478 O 9 7 5 A 


1123281 


Remainder 6719 J annex another Period which I manage as the laſt, and 


proceeding thus it is Manifeſt that the Root may be Approximated to any 


degree of Exactneſs. If we negle& * Remainder 4780975 , the Root | 
will be * which is true to — , for if inſtead of — 2 


we take 6249906 the Root 4 1. too great, ſince this Quantity ; 


ſquared gives | 989977000 6 or e + —— WIE: ; which! is eaten 


ln. | | 
After the fame way the e Root of decimal Number f may be ex- Second 
tracted, but before the Operation the Number of decimal Places are to be example. 


made even, and aſter che Operation a many places are to be — dig ..-:- 


5 


l a — Re . 9 I RN Fs I 
g . — 6 ä R 8 * N 7 * : * 2 7 
— * q * 9 5 om me — — eee bed ob | 3 "I , Wb oc A : 2 
* 2 9 A \ * 9 ö . "I. 9 * 7 7 * 7 3 5 8 * 
>, 4 1 X - FRY C 1 4 » * » * N 
- 5 Vs o * a 5 . * * 2 
. n * * 
* | OS N 2 . 
' 18 4 5 > r 7 
- { — 3 3 1 " 
* 


*W | Po ELEMENTS: DF: © 
; FF Root as there are Periods in the Fractional part of the propoſed Num- | 
+ Ln ber. Thus if the ſquare Root of 3297 „6 be eee True to four deci- I 
ooo 4 4 
| : mal Places, inſtead of 3297 , 6 I write SNL which is equal to 
1 Þ it, whoſe Root is $7,4247 in like manner to extract the ſquare Root Y 
0,998 56 true to fix decimal places, inſtead of '0,09856 I write | | 
_ 998560000000 _ which is equal to 1t, whoſe Root 1s 0999279 as. 455 
| 1002000000000 
- will 18 by the following * Fg ( 
| 32. 973 60 (57 4247 e IED 58 f 
| BY Y _— | 5 | 
| 1075797 'L a 89\ 1885 
| WILLS OE Sees ons 
1 114448 60 5 1 | _ 
1 | . hs r = 1 
1 1148 272 8 400 8 19982) $5900 / I 
=... L 8 Ee a x 2) 39964 _ I - 
Fo ants hs eb Earn | OPTION COPS MOTT : 
£59370 „„ Abt cents I ja 
OLE jr gl 19467100 4 : 
| 3039409 17930941: = 
38299 1 8c. n | 1489 1 5 
DT n cif [ 
Beſides the foregoing Method for ee to the ſ * Root of 1 
Another Numbers, the Analyſts have imagined ours which we ſhal Proceed to 72 n 
methad of explain. K. = - 
| . Let it be propoſed to Approximate to the ſquare Root of 50, the near- = 
ſquare root eſt leſs Root of 50 in Integers is 7, let 7 + z be the true Root, where- - fl 
F | une + 14z+2*= 50, or —1 14 z + z* = 0:let this Quanti- 1 
= | ty be lied by 1 + Az + B, the product will be | = *" 
I —1 + (144) z+(1 +14 4—B 22 +(A+14 8) 25 ＋ B, o MB 
in which the Terms (1 +14 4—B) 22 and ws; ＋ 143) 23 may T 
| be made to vaniſh by determining 4 and B 15 means of the Equations 
| 1+144—B=oand 4+ 14 B = 0„ rom whence reſults wept. 
1 | | 5 3 
1 A = — = and B 8 = 755 55 1 thoſe Values in | 
ö the foregoing Equation, we will have — 1 5 (14 T . * F 1 
WM 1 555 WF 4” 
| | | which by ME the exceeding ſmall Quantity TI becomes LY * 
rb 2 . hence — EEG and — 


* 


$PECIOUS: An I uuf TIC E. | 5 


2 : 2 4 2 25 0106)8, which Value i is, true to the laſt decimal 8 17 
i and if more terms of the Series 1 4 4 1 B C23 Oe. bad beet 
520 taken, the Root would be Exacter in Proportion. 
of In general to Approximate to the ſquare Root of any Number 2 let - 
Fo be the neareſt leſs Root 1 in Integers, and r + z the true Root, then wa 
TY 12 ＋. z 1K ＋ 2 A, 212 FZ = A-, or — —= + z £<E —=0 
| (putting A > — M5 = 4: A multiplying by 1 ＋ 4:2, thaw will 1 
4 
79 UBS {Yr _— -L £4. 
here by making — 7 ＋ 4= o, A is found — and our 
Equation becomes a (x * 750 = 2 which 
by negleQing the laſt Term as being very ſmall, will be reduced to. 
| "rm. | 
—— ++; hee whence z = fin | | 
. To obtain a more e Value of z, we 8 only to multiply 8 
” = o by 1 + 4=+B n hene there ariſes 
* „„ 3 n — — —— — 
| - = ol . 0 — i L- )( Do 
of in which the third and fourth Terms will vaniſh by determining 4 and B 
t | B 
* by means of the Equations, — - +4 — — =0& = +B=0, . 0 
ar- — | 4% i ies n 118 1 4 5 
re- from whence 4 is found = = - e e nd ad = 5 = 5 33 
5 27 1 =) = «+ 27 Gay 5 > 
ay which wo minding the laſt Term as exceeding fmall, wilt bebe, oa <, 
NS 211 Sm NN „ 271 ＋E n 
ND RET FY np = o and z = == x 255 mn 5 
in To obtain ſtill a more Approxi mate Value of z, it ſuffices to * 
-0/ | 
8 „ =? „ 
nd TS + 1 . „ 


N 


ple. 


— 


ELEMENTS OF 7 


in which 5s the third, fourth, and fifth Terms nay by made to to 


vaniſh b determir A, B, and O by means of the Equations 
1 * a 4 7 mn 9 


2 7 A: 2 r So, 27 h MER rs 0p +C TP. 
„ 
exterminating Gthere ariſes = 825 —= = : 0;which by ſubſtituting 
A ſ 
the value of B, becomes an dar + rats LS =6, where- 
1 N . 
fore = = 1 7 and C= ys Farm : and of courſe | 
(E ee. 155 
2r 164 + 8 92 — "16 + 7 r* So, 


from which, rejecting the laſt Term as exceeding ſmall, you will find 
3 er 3 mn (2 r* + m) 
pen Þ 1654 + 12 m ＋ mt. av * (417+ 3m) + 4 mb 
XXX1V. 


To ſhew the Uſe and great Exactneſs of theſe Approximations- "MF an 
Firſt exam- Example, let it be propoſed to extract the ſquare Root of 441. | 


Suppoſing v to — = 20, then m 41, and æ = 


1640 
1641 
conſequently E 21 — — by the firſt COR * 


on 
By che Sccond-r + == 20+ = 1 +- 


K 


67281. 
07200 11777 


| FE bi, oo I ES | 
And by the Third += 20 + "2756481 2880 21 — Da , 


more. nearly. 


till more nearly. „ 
N Legit be propoſed to extract the e Root of 108, here r = 10, 


80 
Second Ex- m = 8, hd Z = 9 =" ,392. Hence the Root required is 10 2392 
ample. 204 ES 


nearly, which-value. is true to the * __— Place. 
By the Second 7 * 0 + — 10, 39230 more nearly. By 


And by the Third * Io+ ——— . 600 = = 1053073048, toe to the 


42415 
bas. decimal Place... 
It is to be obſerved that a vulgar Fa 0 « cannot always rigourouſly 


and era be reduced to a Decimal. let — for Example, be 195 
| Poledto bo 5educed wn Decimal —— „ then 7 = LEED bay 


. 


. Second Year vil be © + Z 


. 1 
: 22 7 
- % (OI * $53 
p 5 — 3 Fs 
= 


srrerobs ARTTHMETICK. 


Ts n r 
now. 2X Ae Integer #, winleſs 9 be Aer 


i». not always 
be reduced 


rot'= 2x 5*, now 


fome Powerof 2, wels, orofa X5, lets: than n, for £ oy - is ſoppoſed to ben 


a FraQion reduced to its leaſt Terms, in every Rl Caſe 18 2 2x can 


n give an Integer r, but it is manifeſt the gre atcr 1 Ty the nearer 


— will approach to-, the Error being always leſs than . 5 ſince di- | 1 
viding p X 10® by q the Quotient which reſults, and which is * little 


will be too great if increaſed by an en wherefore II Wa- and 


== >£ irate ee IK 
10 7 | 1 


IG 3 4 CES 
To (ſhow th uſo of the foregoing Rules, in the Solution of * Problems, 
here follow ſome Examples. 
A Gentleman left an Eftate of r Pounds por Arrive to Bis Sen, who be- Problem. 
ing a Minor, his Guardian allowed bim a Sum a the firſt Pear, and puts out | 


at Intereſt the Remainder er —a. He allowed him the ſecond Year 4 Sum b, 


and the over-plus r — b was alſo put out at Intereſt, and the Guardianſhis be 


2 A ing ended a few Days after, the Revenue of the young Gentleman was 


found to be Increaſed during the two Tea car's Guardianſbip by a Sun d. 
What 1 44 Intereſt was all d. | 


Let— 
. Rk added to the Revenue of the young Gentleman at the End 


— expreſs the yearly Intereſt of Look. I fay 100: 9 1 9 1— 2: 


of this firſt Year, Wiege the Sum ſaved at the End of the firſt Year 


will be r—aÞ+ , the Intereſt of which Sum at the ou of the 


2 which together with © the Bie- 


reſt of 1 — þput ont at ings at the beginning of the&\ſecond Year, 
will expreſs the Increaſe, which the Revenue of the young Gentleman 


has received urin the two year's Guardianſhip. Confequentiiy 


= +- 


ridge the _ there reſult the Equation — — ＋ = 4 or 


—=== 6, putting 2 Ws 1 — 4 be 


NM 


* — 7 , and completing the Space and cre the 


- 


9 


9 / 
— 
* 


J. TVEUERMENTSE OD = 12" 
8 To apply this general Solution to an Example, let the Eſtate be 4800 /. 
Application Per Annum, and ſuppoſe the young Gentlerflan to have expended the firſt 
of e Year 24000. and the ſecond Year 3120“. and let the increaſe of his Re- 
n ” f , [ : . = i X , . 4 
lens to an venue at the End of the ſecond Year be found tobe 356/. 137. 44. 
BE A 5 Of 0 I 
example. We will have r = 4800, 4 = 2400, b = 3120, 4 = 1 
2 2 — 2 — 35 4080, Subſtituting thoſe Values in the Expreſſion 


m A , (4cd+ mb we will have x = « [4080 + 7 (20070400) F 


- 


K iv 4 


„„ HP LS 2140 
= 2 (4080 . 15 ot > Wherefore x = 12 and Conſequently the rate 


of Intereſt allowed was 87. 6s. 8d. per Cent. in Effect the Intereſt of 
| 2400. for one Year at'8/. 6s. 8d. per Cent. amounts to 200k; conſe- 
8 quently the Sum ſaved at the End of the firſt Year will be 2600). the 
2... Intereſt of which for one Year at 80. 67. 8d. per Cent. will be 216. 1.35. 4d. 
| and the Intereſt of 1680“. at 8/. 6s. 8d. for one Year is 140/. and con- 
ſequently the increaſe of the Revenue of the young Gentleman during the 
two Years Guardianſhip will be 356/. 13s. 4d. agreeable to the Conditi- 


ons of the Problem. 1 : | 3 3 | 
If the Revenue of the young Gentleman was ſuppoſed to be increaſed : . 
4327. during the two Years Guardianſhip, then x will be found = 10 , 
and conſequently the rate of Intereſt allowed will be 10 per Cent. in ef- A 

fe& the Intereſt of 2400). for one Year at 10 per Cent. will be 2407, the | 
Sum ſaved therefore, at the End of the firſt Year will be 2640). the In- 4 

tereſt of which for one Year at 10 per Cent. will be 2647. and the Inte- 
reſt of 1680. for one Year at 10 per Cent. will be 168/, wherefore the | . 
increaſe of the Revenue of the young Gentleman during the two Wears | 
Guardianſhip will be 4320. as the Conditions of the Problem require. 0 

Gp OD | = nnn _ | | „ 
1 7 ⁰⁰ Notes one of 1207. payable in 6 Months and the other of 150l. . 
Problem, payable in 9 Months, Were diſcounted for 81. 10s. what rate of. Inter 72 | : 
were they diſcounted "TP JJVVCCCVVVVV » D 
Let x denote the Intereſt of one. Pound for 12 Months, then the a- 4 
mount of 1 in 6 Months being 1 + 2 and in 9 Months 1 + —— - 
the preſent Value of the Bill due at the end of the 6 Months will there- 4 
/JJ%%%%%%%V ⁵²mwm EF Cai df Le apt bobs 5 5 
fore r ＋ 1 3 at h of the Bill 155 at the end of 9 Months * 
1 + 2 * . \ : f % 
1 


| 8 X 3 | 3 8 1 1 | 5 93 85 N E 
| whence we have - — + — — = 120 ＋ 150 3 


per Cent. at which the 


Quantities by taking from under the Sign, the ſquare Quantities which 


* : 1 * 25 K "GS - Lek * — = * 4 * 4 
3 C . rr n 3 * r ET 3 „ 4 9 
1 N 1 * : . A * * 9 — . 9 p : * 
, . 1 7 
wo - 


| 8pECIOUS ARITHMETICE.. 
KS 150 
T +3 x 


| = 261, 5 by the Queſtion, which, by Reduction, becomes 120 ＋ 90 K 
JT 150 + 15% = 261, „ X (1 ＋ 4 ＋ 14 or, 270 + 166 


261, ( E18. L, therefore (270 +1654) X8_ 
i 8 


261, 5 : 
8 is 160 „ n 
e 1885 1 3 9 5 2 3 
from which we have x* + - 3 — * 5 5 523 whence by i 


compleating the Square, &c. 


.x will be found = | = + (29) ] ET 12834. = 


7; 1569 , 1509 1 

X. (1356 X 1569 + 1560 X 1295 ) = - 05093, which 

multiplied by 100 gives $52 093, or C5. 19. Iod. 5, nearly, for the Rate 
otes were diſcounted. f 5 | 


| | XXXVIIL, 3 | 

In the different Examples which we have given of the Reſolution of 
Equations of the ſecond Degree, the young Analyſt could ſcarce meet 
with any Diſſiculty except when it was propoſed to reduce radical 


were Factors of the radical Quantity: In Effect this Operation is the - . 


niceſt that occurs in the Reſolution of Equations of the ſecond Degree; duction of 
to aſſiſt therefore the young Analyſt to perform it with Facility, here fol- radical quan 


' tities. 


low ſome Examples. 94 1 | Xp . 
VaBaabe=4a/3bc,gf ESTHER _ tabyed, 


| C 
7 aahhmm 42 a m3 am - 85 
* e ee ) . 
2 | — 3 3 e 3 
6 - ⏑ o ©— 4/ =. 

1 5 3 | xxxix. „ - | 
No fooner had Equations of the ſecond Degree made known the ir- 
rational or incommenſurable Quantities (it is thus Quantities which have bo apy — 
no exact Root are called) but the Analyſts found it neceſſary to perform root are cal- 
on thoſe Quantities the ſame Operations as on rational or commenſurable 3 
Quantities, that is, they had to add, ſubtract, multiply, and divide — 
Quantities either entirely incommenſurable, or partly incommenſurable quantities. 
and partly commenſurable. 5 „„ I > a 

As to the Addition and Subtraction of radical Quantities, - the only on and ſub- 


Difficulty conſiſts in reducing them to their leaſt Expreſſions. traction of 


3 M 


1 * * = * r EE» * * 
8 * nf 0 * 1 2 ether - _ > 5-30) Me a 8 
7 # a r * 7 * 24 4 - * C S 
: 7 «ac I N SUES * n * * 7 3* e $4 7 Aba WO! 3 TV. ” 
9 . Tx by $ "0p 2 ne 
A . S aun F : 
Aa- SV 4+ N Je — 


- 5 . < Ret SS; x n : ” . $ & YU : , ? 4 : 9 % « MI. 
5 1 7 N CH 7 LIN . 2 "AP L . * # 4 ; 0 
] k ; 8 - . > : b > 4 5 * * i 5 - » FA . 
P \ 4 - 1 * — TX 4 * my 
: % x * _— 5 1 2 
* 5 * * > £ 5 ! - 1 
. 4 « * 3 . 4 - 4 . ” N 
— — _ 
£ 90 

52 9 

5 . [ 

* 


irrational For Exam 14 1 1 a to- 
preoppoſe gether, I I the firſt be prog thoſe e to 45 3 4, and the dne | 


only the to554/ 3 a, whoſe Sum is 


| reduation 0 | In like e . =Bev3e- 


b. N + eee Fo br = 
| = 35 8 2 b 5 3 2 1 
Ie EIA = (= .) Ae. =_ 


Multiplica- With Reſpect to Wide if the 8 to be moliplied 255 | 
tion of both incommenſurable, there is no more to be done than to multiply 
128285 the Quantities which are under the radical Sign, and ſet the common ra- 
dical Sign over the ProduQs ; which afterwards is to be reduced to its 
leaſt Expreſſion. - 
Let it be propoſed for Example, to multiply / a 5 by 2 „ 10 write ao 
down JSaabcoray/ bc. In like Manner 
9 XJ/4fge=</12fgeed= 20 % 3 fg d. 
hen the radical Quantities to be multiplied are equal, 6 Multipl- 
cation is performed by taking away the radical Sign. The Product, for, 
Example, of / a3 c 4 into / a3 cd is a3 c d. _ 
If the Quantity by which the Surd is to'be multiplied be rational, it | = / 
| ſuffices to write it before the Sign between Parentheſes when it confills Finch 
of ſeveral Terms; and before it can be brought under the I, it muſt 
be firſt ſquared. 


For Example, the Produẽ of a "IF b into 1 wah 


1 6 ＋ ) N 22 e 2 — e 
TL AI- 2 — N £2 
20 a —T . Lan © kb) 


C 
62 X 22 1 1 bb) _ 5 6 at * Gaabh  _ 
: A/c wy | XY ny 10 
e be b e Cg 
If the Quantities to be multiplied conſiſt of ſeveral Parts, either all 
F - irrational or partly irrational and partly rational, the Operation is per- 
= #formed by obſerving the fame Rules as in the Multiplication of com- 
== | pound Quantities, for Example, (3% be—2bJac)X2acyab= | 
6abeJac—gabes/be[yJab TNC - x 
Jab ee ee bee, 5 5 
a + / (aa —6bb)] X [a+y (aa—bb)]=2aa—bb + | 
. „ alat n 6 —xx)] 


* 
1 
- _ 
7 j . 
5 — 
0 
9 4 


80 
| 


7 = 


T>Sxk.1 7. 


I 
1 


WF: 9 5 a A CEE Aa. * * * * of V 3 " 1 
n 5 8 : . 1-5 Y. « OP” 4. 3-9 =P ho a > N 5 2 „ K 3 4 N 
n o 4 W ; FP Ren Det Be af the IE CANE" * " * ä 1 A 
21 * „ 8 (IS & SE =? : 27 — 2 - W** * — 1» % n 1 o 1 
* J 4 Fs. * ws %. N 3 2 "Is. 7 8 * * 7 b So 5 
LY ; - J 5 : , P „ —— 8 $5 : 1 2 
hb q Al FE he © 44 $9:%. . 852 S EY 
DOSS TS „ 888 Y 4 598" : 9 2 6 "6 N NY j St 4 8 2 8 5 B F 
f ; $ 3 "Be — T 3 39 * (IRS 08 3 8 1 41 1 : - 2 - s . 
\ : . g ? > a _ , . ny : = 
} 5 1 4 — 9 » * + « — 1 o n £ 1 * . 
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 $PECTIOUS ARITHMETICKkK „ 
x is * l 2 * . Wh "ES Fig 3 : 8 FEW Fo. Ex : BE 46. E : F 2. a f he. 
— X 7 . 9 


TTT ĩ es 2 42 425 e 
rational Quantities. are divided one by the other, by dividing the n.. 
Quantities under the Sign and ſetting the Sign over the Quotient. - farablequan 
f an irrational Quantity is to be divided by a rational one, the irra- tities. 
tional Quantity is to be placed above a ſmall Line and the rational 
Quantity under it, and before it can be brought under the Sign it muſt 


« 


ent hand... 7M ATTN 
| If the Surds have any rational Coeficients, their Quotient is to be 
prefixed to the radical Quotient. All which will appear plain by the 
| flowing F —! IT Pete OY OO EC, 65 

af @6b_. = b. ME £2 e 1 ; 


; A . 15 22 — le 22212 bbxx_ ; 2 i "4 


| | N r 
SAEED oj a Af : 
Greg D a 5 FCCC˙* STEAPLTOY 
If the Quantities to be divided conſiſt of ſeveral Parts rational and 
irrational, the Operation will be performed as the Dixiſion of compound 
Quantities. „ ; | nn. ; 5 
For Example, .a* ＋ 4+ being divided by a+ + 6b / 2 + 53 the 
Quotient will be found to be a —aby 2+ 32, 3b —abbe— 5 , 
aab/bc+bbey be divided by a - Vb e the Quotient is aa 5 —bbc.. 5 
In like Manner, 43 — 4b + aa} be — be Ve divided by 
a — v/ bc the Quotient will beaa + be + 244 be. 5 
1 „ 5 
The foregoing Principles are ſufficient for reſolving Equations of the | 
ſecond Degree when ws, include only one unknown Quantity; but as 
there frequently occur Problems where ſeveral unknown Quantities are 
concerned, we ſhall proceed to explain how they are to be managed; N 


with this View we ſhall propoſe the following Problems. | „ 

The Joint-Stock of two Partners A and B was £165. (a), A', Money Firſt Prob- 
war in Trade 12 Months, and B's 8 Months, when they. ſhared Stack and fen he | 
Gain, A received : L£67 . (b) and B £ 126. (c) what was each Man's Stack ? gree where' 
Suppoſe A advanced x Pounds, then B advanced a — x Pounds, and two un-. 
their reſpective Shares of the Gain may be conſidered as the Intereſt of dier ade 
their reſpective Capitals during the Time they were in Trade, the Rate concerned. 
of Intereſt being the ſame far both : Let z therefore denote the Intereſt 


of £1. for 12 Months, then the Amount of Zr. for 12 Months bein | 
. 


1 + =, and in 8 Months 1 + 4 2, the Dividend of A will be x (1 + 2 


. 
. . 


„%%% ]! 
N the Dividend of B b — 8) * (1 +32), hence x (1 +8) + (a=) 


X 1+848) = 3 ＋ e, from whence is deduced EO: We oxgne” 


[putting + + c = m to abridge the Computation) ſubſtituting this 
Value of 2 in x + E K, the Dividend of A, there will reſult 


- =—_ ERS LIE. = ts or x* + 3'mx —ax—dx=2ad, 


EE ＋ 2 


now putting 3m — a —d =n 3 the Squar © 28g man 


the Root there will reſult x =— A + / (2ad +4 n) = 55. 
XLIIL. 


Second Pro» ff Grocer ſold 8olb. of Mace, and 100lb. of Cloves far £65. be fla Golb, 


bien. more of Cloves for £20. than be did of Mace for £ 10. what Price did be 


ſell each at? 
Suppoſe he ſold the Mace an 2 and the Cloves at 7 Shill. a . then 


* 2 1 45. = £10. or 200. the Number of Pounds of Mace 


1 . 55 ſold for fro. and y: I Bb. = os or 400 . : ; nl | Number of 
Pounds _ Cloves ſold for 20. now 65. or 1300 = "80 x. + 100 y 


and + 6o = EE by the Queſtion. From the firſt Equa- 
tion I Meer = - - — - =”) and from the ſecond Equation | 
20 x 130 —8x  __ 20 x " 1 85 
i | 388 . — . e "31" or 
= 1300 —Bo x + 390x—24'® = 200 4, that is, 24 * — 110 * = 
10 | TH 1300, or & — 2 * — wn and compleating the Square 
| | =: and extracting the Root, there reſults x — = - 5 or x = 10, 
, i _ conſequently y = 5. | | | : 1 
'' Third Pro- ' The Sum and FY Sum of the Pai of threes Nambers f in ; gemetrice 
1 blem. Proportion being given to 2 the Numbers. 
- | 1 Let the Sum of the three Numbers ſought be denoted by x, 75 25 
1 from the Nature of Proportion x : : 2, that is, yy = & 2; 


moreover, ſince their Sum is given, denoting this Sum by a. we will have 


— 


mw 
om 


x + 5 
will have by the laſt. Condition of the Problem x. x + yy + zz 355. 
To make uſe of thoſe three Equations, I firſt exterminate z by 
Means of its Value a— x - deduced from the Equation x + y +z = a; 
ſubſtituting therefore this Value of z in the two other Equations they 
will be transformed into 233 + 2 * * 249 +8 aa —20x—> 967 


— = oops 
Ga 


— — 


— 


1 —. ne One -þ _ =_ 
on 1 mes 8 — 0 
4+ , —— — 4 8 4 N 
| — * . * * 
n n b 
5 = 1 5 1 
ww - 
* x N * A 6 
C n 


een KA 


2 = a, and expreſſing the Sum of their Squares by b b we 


* 


ke gg % „ rH. oo _ 


TY 


8 I 
* + ns - n * * . 
2 83 R D . n * 
l 7 . 
« * x 
. 5 


52 5 
3. 1 
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$pECIOUS ARITHMET TCE. 


= bh, and % =ax=— x-x.—'x-y, To exterminate out of thoſe 


two Equations one of the two unknown Quantities they include, it ſuf- 


fices to find the Value of this unknown Quantity in each of thoſe Equa- 
tions, and to equate them; let æ be the unknown * to be ex- 


nen the firſt Equation will give 
x= — 157444 


— 2 


and the ſecond x = —4z +4a+ / (4a — $ay = 2F). 


| Equating thoſe two Values of x, there will reſult. 1he Equation | 


— + y + 1 a 4 4 (= — = — 27 +449) 


= — $y +4 + /(4aa — 12 1%) to ſolve which 


J obſerve firſt, that the Terms — % + 5 being common to both 


Members of the Equation, the Equation may be reduced to 


oY 4 4 


* 17 NVC 29 
the two Members of which being ſquared, and reduced, there reſults 


42 4 — 53 


ay = ＋ 44 — 433, from whence i is deduced y = 7 4 


i 2 
this. Value of 7 ſubſtituted in one of the foregoing Values of x, will give 
e = (proto #65—H oat} $3 77" 


or r eee i and ſubſtituting 


the Values of x and 7. in the E W Z 2 42 — * — 9 we will have 


2— 2 —$35 + 7 ; 


) 


es — — X Se ted —4 1) 
- ==". e 4. 4 0 = 
Te THT. 
Es in this Solution we upriwel it © very ſi ph Value of y, as hay- The forego 


ing had very complex Radicals, it ſhould incline us to think that this eta e 


Value might be obtained after a more conciſe Manner: And it was not by N 


other there reſults o = — — 


difficult to ĩimagine the following Method. N 3 . 


Let the two Equations x* — ax +y x = _— — 22. + ay 


and & ＋ xy — ax = 577 7 * . bei one from the 
+ a y, from whence is deduced | 


y = - <2 = „ which ia ſubſtituted in either one or the 
other of | thoſe two Equations, gives | 
naax—bbx ©” A 
& 2 + — 4 x. = RX 


* 


3p * 2 F ” 3 ; . c 9 . 


ELEMENTS i 


; is. Feuced t the ſame Value 0 22 das wen. 1 


XLVI. 
Tor apply this general Solution to an Wade 17 ths Sites of the 
three Numbers in-continual Proportion be .20, and the Sum of their 


Squares 140; in this Caſe a = 20, and þ U = 140, conſequently | 
„sh. nds = 6444/35 Viz. nei b is 


the greateſt of the three Numbers ſought, and 6 4 — 4 3 — 


leaſt. For as the Values F x and æ in the foregoing Solution an on 5 


ly alike, x denotes ambiguouſly either of the extreme Numbers, and 

thence 'there will come out two wan either of: which _—_. me 10 

the other being 2 ET b 
xLvn. 


When the When there happens to be ſuch an Affinity or Similitude of the Re- 
values of lation of the two Terms to the other Terms of the Queſtion, that in 
ail var an Making uſe of either of them, their Values would be brought out ex- 
tities in 4 actly alike ; (which will be eaſily ſeen) the Analyſts to avoid Ambigui- 
problem are ty make uſe of neither of them, but in their Room chuſe ſome third 


Hen u. which ſhall bear a like Relation to both, as ſuppoſe the half Sum or 


like, kow half Difference, or any other 8 1 80 to both indifferentiy and 


the ambigu- K en alike. 
5 thence . en 5 


ariſing _ Thus in the precedent 3 having tk y = — 3 


2 
to avoid the Ambiguity ariſing from the Subſtitution of this . in 
one of the foregoing Values of x, I put — — — = A, and as 


— 3 = — — e 


22 ＋22˙ 


be avoide 


x = 7 + a3" —  z but 


1 i — 2 222. 
186% 0 4 2 a 


EWA 


wherefore 42 = 1 Io þ b aa _ 3 a 4 — 344 2 5 . 


16 a a > 


| b _ 11 = | 
= — 2 Zoe —— * . conſequently 


e —. 20122 1 1 


bb - a 4a — Ie — 24 — 364) 
f ; on 8 


* 


and | L 


Zo recess 


Uh srrerous ARITHMETICK. „ 
> | : SC unts | | 
1 5 this Problem, clicks Ede Quantities HOY ns paw I 8 of | 


: ther, whereby the Computation was rendered extremely ſimple, but e ee of 


as this ſeldom happens in Equations of the ſecond Degree including fe- 5 re 
veral unknown. Quantities, we ſhall proceed to explain the Methods cluding two 
employed by the Analyſts in the more complicated Cafes. Let, for mex 

Example, the two Equations x* + ax — 295 =aa+2y y and re compi 
xx —2ax + xy = whe M4 a be propoſed, the firſt. of thoſe cated than 
Equations gives x = —+$@ +» . (444 — 45 + 333) r 


other gives x 4 — 25 + e , me 
thoſe 8 Values, and reducing, there reſults vi 


—3= +33+V(aa—03+33)=Ev(3aamay— 159). 
To make the Radicals difappear in this Equation, I firſt ſquare the 


| two Members and there reſults % % — $ay + $22 E (35 — 340 
H(haa—ay +33) Fa g—=ay +35) = 3aa—a3 —$55, 


which ſtill contains a radical Quantity. * 0 make it difappear I write 
down this Equation thus, 


eee, , 


reducing it and leaving the radical Quantity + ( 3, +34) 


7624 —ay + 35 alone on one Side of the Equation; ſquaring 
afterwards the two bers 4 4 — Z 435 + 2 4225 — 4435 . 
+ 36% = (9% — 10 % % % % (4% — 43 et, vs 
which whinr rodutetd bocomany 9.2 + gray —30a@yy + 27 ay = af | 
Equation refulting from the two-fozegoing' ones, which is to be refolved The reſult- 


to obtain the Solution of the Problem which furniſhed thoſe Equati- ing 2 | 


on when one 


ons: From whence it appears that in Equations of the ſecond De- of che un- 
gree involving ſeveral. unknown Quantities it is not as in Equations known quan 
of the firſt, in which the reſulting Equation when one of the un- fi is en- 
known Quantities is exterminated never ries; 0 2 BONG 3 than 


terminated. 


that of the Equations themſelves. 
RLIE> | wh 
The Equation which reſults when an ebnen Quantity. is exter- Another 
minated out of Equations of the ſecond Degree, may be obtained with- ® 


out being at the Trouble of first n; ene and afterwards Dan which the 


their Radicals diſappear. quantity is 
That this may appear let the two foregoi going Requations be reſumed, and Extermimat- 
from: each be deduced the Value of x x,. the firſt will gives Heme. 


* 2 4 —ax+2 x y, the ſecond x*= - - y. example. 
| Equating t thoſe thoſe two Values, we will have a 2 ＋ 25% N＋ 2 * TO 
—ax = 2a@ — py y'— xy + 2 @ xz from whence is deduced 


* = I 1 22. , which r ſubſtituted i m one or other of the 


n 


2 * 


* 2 - l 5 ; : : n 2 
. | . 8 


ELEMENTS or 
. * 3 2 . ; 


1 = FI 7 from whence | 
is. duced the ſame Value of * as above. * if 
| ThE XLVI. 


Toapply this general Solution to an Pan 15 the Bite of the 
three Numbers in continual Proportion be 20, and the Sum of their 
Squares 1403 in this Caſe g.= 8 and þ 0 = 140, conſequentiy 


y=6H and = 64 + V3 'Viz. 6 4 + v3 rj E 


the greateſt of the three Numbers ſought, and 6 4 — 3 = 3 


leaſt. For as the Values 1 x and Z in the foregoing Solution _ on " 
ly alike, x denotes ambiguouſly either of the extreme Numbers, and 
thence 'there will come out two en either 1 Jer wth * 5 
the other being „ VV 
xLvII. 

| When the When there happens to be ſuch an Affinity or Similitade of be Re. 
values of lation of the two Terms to the other Terms of the Queſtion, that in 
known, making uſe of either of them, their Values would be brought out ex- 
hides barn aQly alike ; (which will be eaſily ſeen) the Analyſts to avoid Ambigui- 
problem are ty make. uſe of neither of them, but in their Room chuſe ſome third 
— he which ſhall bear a like Relation to both, as ſuppoſe the half Sum or 
like, how half Difference, or * other — related to both N OR and 


the ambigu- without alike. - | 
1 thence | 432 — bb ; 
ariſing __ Thus in the precedent. ©" WI having 3 72 — , 


be avoid 
avoided. to avoid the Ambiguity ariſing from the Subſtitution of this Value i in 
8 = u, and as 


one of the foregoing Values of x, I put 


| 3 | | 
5 - L „ — = — I - * 9 conſequently 


5 25 2 
aa'+bb 


x = 25 + u and 2 = * but 
229 a4 . - | — —U—⅛p 


— 1 . —— 
 wherefore Wu == 


Rr: : foe 
| — . and 


7 


7 8 AL — 2 Re 4 
. 2 44. EL 4 voy conſequently 


C 0 1 


eee 
; 1 | | W 


* 


| known Quantities is exterminated never rity. 0 &- BENT wn than 


'$PECIOUS ARITHMETICK. „ 8 ON 
te,, . 
breed this „ "thews' eden G . deftroyed Piet W of 


9 whereby the Computation was rendered extremely ſimple, but equation of ' 


as this ſeldom happens in Equations of the ſecond Degree including ſe- degree in- 
veral unknown Quantities, we ſhall proceed to explain the Methods cluding two 
employed by the e in the more complicated Caſes, Let, for vnknowa 

Example, t . Equations * + ax —2xy = aa+2y y and munre compli 
xx —2ax + x3 = Nr be propoſed, the firſt of thoſe exted than 
Equations gives æ = — 7 @ +y X. (444 — 4 +333) and the ig. e 
other gives x 4 29 E (322 —425 een ne 


thoſe two Values, and reducing, there reſults 


TMA a 6244 277% 
To make the Radicals difappear in this Equation, J firſt ſquare the 


; te Mikes and there reſults & 55 — 2ay + 244 + (3 — 34) 


Vitaa—ay +339) +Ffoeg—ay +359 = 3aa—ay —$)), _ 
which ſtill contains a radical Quantity. To make it ee write 
down this Equation thus, 


— 444 ＋ 245 65 = = 1 ” 6 75225 is 


reducing it and leaving the radical Quantity E ( 35 ＋ 3 


G - 45 + 30) alone on one Side of the Equation aring 
afterwards t the two Members 2 4 — $ a3 py + 5 pan; aring 


/ TOE OE ONS. 
which a g =- 30a@7y 2 e 11 af 


Equation refulting from the two fotegeing ones, which is to reſolved The reſult- 


to obtain the Solution of the Problem which furniſhed thoſe Equatj- ing eduati- 


ons: From whence it appears that in Equations of the ſecond De- of Nen 


gree involving ſeveral unknown Quantities, it is not as in Equations known quan 
of the firſt, in which the reſulting Equation when one of the un- _ is ex= 
rminated. 
that of the Equations themſelves. tone 
| * LIX. | $3 
The Equation which alas when an "nk Quantity. is exter- Another 
minated out of Equatiens of the ſecond ce, may be obtained with- wethed by 


out being at the Trouble of ſirſt lolving- thanks. and afterwards making 1 


their Radicals diſappear. e 
That this may appear let the two foregving Equations be reſumed, and pear ng 


from each be deduced the Value of = , the firſt will give. Henne. 


x*=aaſþ2yy —ax+2 x y, the ſecond x* = 2aa—yy+2ax—x3. ne 


Equating thoſe thoſe two Values, we will have aa ＋ 2 ＋E 2 .- 
— ax = 20@ — yp y'— xy 2 @ x, from whence is deduced N 


«= A , which wins ſubſtituted f in one or other of the 


n 


. 3 
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- ELEMENTS. or 


two given Equations, inxx—2ax + xy 24 1270 for _ 
ple, gives — . 17 — Ba 2 +. ct 4 D N | — 2275 
S244 — y y which when reduced, becomes 1 RE: 
9 * R 5 27 oy = — 17 1 the ſame above. | 
L. 
Theforego- Let the two Equations _- ah axy 1 3 * e ¹ + dy+e end 
N x* + fxy + gx=by*+ iy +k Ge given; which are the nol ons. 
another ex- plicated of the ſecond Degree involving two unknown Quantities. / 
ample. Deducing a Value of x x from each of theſe Equations and equating 
| them, we will have (a A 45 ＋ % -N x =(c —b) Xy*+ 
(d -i) X y + e — 4, which, by putting, to abridge the Computation +0 
a — f =]; þ — =m; - bn; . eng? ph e—k =9q; 


will be transformed into 14 5 + mx = n3* + py +g. From 


whence i is deduced x = a _ 2 1 - » Which ſubſtituted in 
-one or other of the two given Equations, in the ok for Example, there 
will reſult —= 7 5 ——— 12 (ay ＋ ) X 9 5 ＋ 222 + 2 
| 15 + m 
n +dy+e,or(ny* +py + 27 +(a3.4 3 * (np + p3bg) 
X(Iy+m)=(eg*t dy X (I mb. | 
If we now perform the Operations which are indicated, re- : 
duce . and order the Equation, there will reſult 
1+ _(bin+eamn+als I 
9 | 2 ln un — 1c 9? 
bmn+gal+pbl+pan+ ee 4 
* e e 5 1 2 
F FF 
| . . N 
FFF 
= = — 77 2 2. —, Equation of the fourth Degree which 
reſults from two of the moſt genera] Equations: of the ſecond. | 
T5 LI. | 
Whatever if we kd: two Equations ſuch as & X 4 a * y =: 4 3 3 and 
be the di- yy y Ne cyæ = 44, they cannot be conſidered as Equations of the 
Oy 4 ſecond Degree, becauſe the unknown Product of x* into y is of three Di- 
: menſions, and that of x* into y* is of four Dimenſions; however x ma be 


uations if 
thoſe of x do exterminated out of thoſe two Equations by the foregoing Met 


notriſe high That this may appear let A expreſs all the Quantities compoſed of y 


er than two 
it may be er and known Quantities which _ x* to whatever Degree they riſe, (or 


terminated in the Language of the Analyſts any Function of y) in one of the given 
8 Equations; let B expreſs the Function of which affects & in the fame 


3bod. a ans by and C the Ane which is not affected by any Power of 


; * =P x EG: + 


N. A 9 2 1 : of - 7 , t 5 : *, 
7 4 * * y ** 19 * : » ſe od 
A ö x . . 7 - : 
9 4 4 Ef yy 5 | „ 
\ 12 % % * 


'SPECIOUS ARITHMETICK. 8 97 


| 50 that. is, let the firſt Equation, be ME +8B #=G and i in Ld 
FOO! let ſhe 88 NA 05 . : 


* . 0 — — x — Fa | equating . two Valdes there B's 


8 — B A's, = We & — A B', from whence is deduced 
* , — 5 — 5 „ which being ſubſtituted in the Equation 5 
4 , B C, ge AX (AC = A EN (AR A0 
(40 — CA) = CxX(AB' — B A)*, in which ſubſtituting for 


A. B, C, A, B., G. the Functions of y their Values, the e ou 
will be obtained. | 


iy 
Es 
If the. 1 Quantity which is to be en out of two How | the 
given Equations, riſes to higher Dimenſions than two, it is eaſy. to per- e eee A 
ceive that by an Operation ſimilar to the foregoing they may be tranſ- be applied: 
formed into two others of lower Dimenſions, and by repeating this When e 
| Operation the unknown Quantity will at length be taken away. _ 22 
If we had, for Example, y3= x yy + 3 * andy y = 3 — 3; nated riſes 
to take away y I multiply the latter Equation ny ep 
=xxy—xyy— 3), of as many Dimenſions as the former, now chan TON 
by making the Values of 33 equal to one another, I have x yy-+ 3.x. 


& 5 — 45 — 3 iN where y is depreſſed to two Dimenſions; from 
whence I deduce yy= — — by this therefore, and the 15 
moſt ſimple one of the Equations firſt propoſed y y = x x = x 7 3.5 | 


I findy= , which Value ſubſtituted in y y = = — 7 — -3 1 or 
28 being the moſt ſimple, there reſults - 4:5 —12x4 + gx — . 


4 gei=i8xx+ Eng 
2 —3, whence 4 x*—1an*+o0xx=09 x6— 18 K- 9 * 8 
 —=6x5+9 PF 
' reduced becomes a6 + 18 x* — 45 4 + 27 = 0. <þ- 5 a 
| LII. 


Tf there were three Equations. given and as many unk Quantities I IF there 
of different Dimenſions, mixed promiſcuouſly in each Equation, they han mage 


4 


than two un 


ma y likewiſe by the foregoing Method be reduced into one, affected with known quan 


only one unknown Quantity; for neglecting at firſt one of the three un- tities and e- 
known Quantities, two of the three Equations will be ſufficient to find — gi 


an OI n the WORE 5 n was not A Ki: bereducedis A 


— 1 * 
* < » 


34 
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VV EEEMENTS . 


an either of the two others, and the ſame IF being eee 
oy 36% e on one of the Equations employed i in the firſt and on the third Equa Dy 
there will reſult another Equation involving the ſame unknown nec 
ties, hence the Queſtion is reduced to that where two Equations involv- 
ing each two unknown Quantities are. concerned, whence a new Equa» 
tion will be deduced, affected with only one unknown Quantity, 55 
If there were four Equations given and as many unknown Quantities bs 
mixed promiſcuouſly in each Equation, the Queſtion will be reduced in 
like Manner to three Equations and three unknown Quantities, and after- 
wards to two, Equations and two unknown Quantities, and at length to 
one Equation and one unknown Quantity; and the ſame Method is to 
be purſued if there were a greater Number of * and unknown | 


"Quantities. | 
. | ee. 


1 Rag When the Quantity to be exterminated is of let Dimenſio ions, e 1 
e e would be required a very laborious Calculus to exterminate it out of the 


foresg 


whi ay, Equations by the foregoing Method, we ſhall therefore proceed to . | 


method is how the Analyſts have remedied this Inconveniency. 1 


1 149 Ee olf) 


ker Are Be ce B- Er =O). 
be two Equations in which 4, B, C, D, &c. denote any Function of y, 
to exterminate out of thoſe two Equations, it is ſufficient to find a 
Function of x by which the firſt Equation being multiplied, and another 
Function of x, by which the ſecond Equation being multiplied i in the Sum 
of the Products, the Terms including the Powers of x will be deſtroyed. % 


U FN EPL EDIRC, q 7 


LAS: = then {7p ee þ RAY =4.o 


be thoſe two Functions. After the Multiplication and. Addition of the 
Products there will reſult, 0 | 


VVV 
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re r Ch 

+ 1 Ge N 

. + B'N's 4 or #1. D' ME Sm 3 4 
1 e Y Wirten — . O NV * 2. . Teal be 
, JJ 


. | 4A 5 5 
th Where I RY" 16. That as oils Condition that the Terms including 

© "the Powers of x ſhould be deſtroyed, furniſh the Equations by Means of 

which the unknown Cveficients M, N, &c. are to be determined, 
m + n muſt be equal to m' g. whence reſults the following Equa- 

tions for determining thoſe Coeficients., | 


res RE. Is Fora. of Soda act 


. 
Et 


* is m + .n, the Number of Equations they furniſh when. fi poſed equal 0 


to exterminate one of them, it is ſufficient to multiply the firſt E - 5 


noting the Degree of the ſecond Equation; and the ſecond by a Multi- 75 
monial as M' x | | 


{ge e, ep eh 9 „ 

eee 47 71 
I e 

G b eee M = 

Conſequently, / 6, 

1 obſerve, - 22. That as the Number of Terms including the Powers of 


to Nothing, will be alſo 1 - 1, and as each Term of theſe Equations in- 
clude an unknown Quantity, Viz. the Coeficient of a Term of the aſ- 
ſumed Multtnomials, it ollows (LXXXIL, Chap. 1.) that the Number 
of undetermined Caeficients n-+1 I + '/+ 1 will be = m + n +1, - 
or m' + n' + 1; conſequently n= - 1 and / =m— 1. Hence 
when two Equations each involving two unknown quantities are ves, 


tion by a Multinomial as Mx" + NEA +, Ke. m' de- 


+ Mr &c. mdenoting the Degree of the firſt 55 
Equation: To BN thoſe two Products, and to put the Coeficients of 
each Power of & in this Sum e to . the hat Term of, the” 
Sum will be the Equation in v. - 55 we 
LV. 
For Example, let it be 3 to exterminate * out of che Equations lnveſtignti- 


A + Bx + Co and A * + H + C o, multiplying ae Net 


4 + B x + C by M x + N, and A * + B' * + C=0 b rule for ex- 
M' x.+ N', and adding the Products we will have (AM AM x3 terminating 


an unknown 


＋ 8 MT AN B'M'+A'N) * +(CM4+BN+ CM +B'N) s quantity of 


+ N C +.C'N' = o, the Condition that the Terms in this Equation in- ewo dimen- 


_<luding the Powers of x ſhould be deſtroyed will 125 AM + AM =o, wee 14 


BM+ AN. B. + 4 N o, CM+BN+OM LV o, 


for 
conſequently NC + C'N' = o, and as there is one 08 Coeficient undeter- ing Method. 


| mined. I determine M by | ſuppoſing it = A, which gives M' =— A, 
AN + AN=AD —BL, "ZN + BN =4C —© & tm. 


A BY B' — SHY = 4LOÞ+CHL. 3 
5 „and 


N nn | 22 a FES LM and thoſe Values ef 
N and N being ſubſtituted in the Equation CN + CN =o there 
reſults J Cg H - BOCA B/ — ACAC + COLL +AHACO 


—ACAC— ABN ERA o, that i is 


RULE I. 


(4C—BB—2C4) 40+ (BO— CB!) BY + (AB'B! + CHA) c 


If it was propoſed to exterminate x out of 7. — Equations Example, 


. * ＋ 5 * 35 S O and 3 * * e + Kn ab- 


the forego- 


I n n s or. 


Aitute 1 in the whaling Expreſſion for A, B, C; 4', B. 0 has Quanti- 7 


ties, 1, 5, — 35; 3, 2, 43 and duly obſerving the Signs + and —, 
there ariſes (4 + 10 y + 1859) x 4 + (20 Fg) x« 15 + (499 
TING 399 = = 0, or 16 + 499 y: 1299 + 3002.90 5 
+ 699 | A 


Iaveſtigati- Loet it be Saba to to exterminate x out of the Kaukdibos A x3 + BVA 


on of Sir Ha- 


4e Newtons + Cx + D = o, and Ar + B'x + C= o, multiplying Ax3 + 17 N 6 


Rule for ex- CX ＋ D b Mx ＋. N and A“ * + B' x + O by M* A N's +P 
termignong 1 adding tet Products there will reſult 4. M + 4 M') * 


an unknown: 


quantity of -F {BM+AN + B'M+AN)) x3 +(CM+ BN+CM'+B'N'+ 4 Ph 


tee diver + TAE + ON + CN +BP)z + DN+ ao. The Con- 


ſions in one, dition that the Terms of this Equation including the Powers of x ſhould 


and of two 


dimenſions be deſtroyed, will give AH -A =0, BM + AN+ B'M'+ AM = o, 
ia the other OM + BN+ CM! + B'N'+ AP = o, DM + CN + ON+ B'P'=o, 
? conſequently DN + OP S o, and as one of the Coeficients is unde- 


equation by 


ing Method, termined I determine M by ſuppoſing it = A, which gives H = — A, 


 AN+ AN =AB'— BA, BN+BN+ 4A P= 41868 OR, 
CN+CN+BP=—DMF, from thoſe three laſt Equations I 


deduce the Values of N and P, which may readily be obtained b) 


Means of the Formulas of Article 1.xxx1. Chap. 1. by putting x=N, 


z=P,,>=N,m=AB'—BA,n=AC—CA,p=—DN2, 


4 A, b o, e Ad B. f = Be=4A;g=Cb=B, t=C, 


co gu fo m+ cha res 
T. TIT =cr, on. 


Zo 0 
* * 4 

2 x n £ 3 

5 6 n ” 8 LD 
. * 3 2 Os. * 1 

as oc foed © Gum wy we  __ RE 4 


N= _AABC= BANC 4B + BAB" ABC —CAAB + DA: _ 
NE . FLAC, 

1 N n 533 p + m—dim. 
and y = — 1 


eee B'+ACB*—BCA'B— ABB'C' + BBAC 


becomes 


PTY TAO— APP - ” = 
ſubſtituting thoſe Values of N and N' in the Equetivn DN+C Pl o, 
there reſults ADA'B'C' — BDA'A'C' — ADB'3 + BDA BB + ADA 80 
—CDAAB'+DDA3 ＋ 4404 —-4CAC CC — 40400 
+ CCAAC'—-BDAMNC+ ADA'B'C + ACB'B'C— BCAB'C 
—ABB'CC & by BBACC=o. 


Or 440 — ABB'C*—2ACHCO+BHOC—BCABC. 


—2BDAAC+ACBB'C+CCAAOC— ADB — CDA4" Br 
4 "a = , that is, | 
(10—BB—2CA) ACC +(BO—CB'—2DA)BAC 


+(CC—DE') (AB'B'4+ CAM) + (3AB'C' ＋ BB'B' + DA'A') DA o. : 


Example, If it was 22 to exterminate x out of the Equations y3—xyy—3x=0 
and y ET xy — A + 3 = o, l ſubſtitute in the precedent kx 


2” 


preſſion 


* — * 


— 4E 


- | p ” 
* 77 ** * 1 ** 
0 


sprelobs ATM ETTex. „„ 


9 805 5 . 0 D; A 3 B 2, „ and „thoſe Quantities 1 r, — x, o, — x5 | 2 5 
1. * „ * 37 and y reſſleBively j and there comes out (3z—xx+#x)X 


— 6x x +9 + ö eee 
1 + (9 45 170 2 K —3 * o, then blotting out the fu- 


bt dc Quantities and multiplyi ng; you have 


27 - 18 K * +3x* — 9 KK 1 


o i A , a 


e 9 ny 0 OO ny „3 1 5 


Len : 
Let it be prope 4 to exterminate. x out ot ky Bien) K n 
A TBN TCM +Dx+E=0, and A * + B' x + OS o, enef Sir - 


I multiply the firſt * M x ＋N and the ſecond by AH 1 7 ora} x80 ef; 
and adding their Products there reſults, ( 4 M + 

(EMT AN+B'M'+ AN) x%- (CM + BN+ @M' Tap #01 x3 an unknown 
+(DM + CN + CN'+B'O'+ A N E (EM + DN+B'&'+CO) x pon et 


terminating 


ENT. OO, So, and the Condition that all the Terms in this ſions in one, 
Equation including the Powers of x ſhould be deſtroyed, gives the 2nd of two | 
Equations A M A M' =0,BM+AN+BM+ AN = o, r 
CM+BN+CM'+B'N'+4O'= o, DM+CN + C@N+B'O 442 O, equation by 
EM+DN + B'. '+CO'=0, conſequently E N + CY = Of ing od 


and as one of the Coeficients is undetermined I determine M by ſuppoſing 
it equal to 4; whence 


M=— A, AN + AN'= AB'— AB, BNA B'N 0 40 . 


CN+49'+BO'+ N= A. DNA. OO EA. 


I deduce from thoſe four laſt Equations the Values of N and Q. by 


Help of the Formulas of Art. Lxxxv1t, by putting x = N, y = N, 


i= Die = 5% =4,b = 4,c =0,d=0,a = 4B —BA\, o =P, 
5% =B, A, d. o, 4 C4 C, i"=0,Þ=0,"=B, 
, 47 =— D, of D, N 0g “. C, 3“ —= C = B55 f 


4,4. 4% 4 b, "ED, =o, fi = d =, 
oO =—ZE. | | 


In this Caſe the Numerator of the Val, of x is | eluded 9 5 
Fab'—4dB) "+ (a“ —a8#) i] d"+ [(a'b— 200% — 4 5 f. 5 
Conſequentl the Numerator of the Value of N will be 4 B'4 — B #'B3 
— AA B*C + CA*B2 — DA3B' — AA BY C'+ 24 O 
+ 44 — A- AA BEAN ＋ B A . i; : 
And the Numerator of the Value of 7 being reduced to 
[(a b'—4'b) c- B- 8") e aer ( Ba e = b od] a+ 150 py 


| + (a 50 3 a 10 "od a! + — a 5 "+ a“ 8 £+ (a. 5. —2 'b") "a. 


Conſe 77 » the Numerator of the Value of Q. will be | 
3B + BEA®B' — CEA + AEA®C—DBA*C 
＋ 45 7 0 CN D 43 + ADAB'C — CDA®B' + 42 C3 


22404 OE CAO ADB + BDABSLADAE OC 
—BDA*C+ACBOC—BCLB'© —ABB 0% + B 4 e 


ELEMENTS: oF; 
wherefore E N 4 1 o Will be transformed e 


4ER EARTH Set CE D 2 720 0 : 


IEA O AE A - CA ON AEN + BEA*B'C" EA. 
AEA RN 9 — 24 U CEA C'+ ABU C* —BD A" C' 


T B Ke + DAYG + dAD4B CO gb, 


+ 42G — 24 CAC +02 A®.C* — AD BC + PO! Bla C 
ge + ADA'B' C —BD A G2 + A CBC — ee 02 — ABB G7 
; + B* # CF c. Or into, 


BOL AC MCI ABB OE BUC3 Be 2B DA 


+4 CB*C2—ADBIQ TA EB 2AE AOC A . 
LCDA®BC +CE A. B⁴ — 2 CEA C +34DA B C. 


TEO D 2E C 3BB1*B O—DEDB : 


+ EA — BEA BY —2AEAB*C=0. 
e A Why 


That d CAB Ba CADAC = 549 Pry 


722 + (ABA) (C D g ER R. — 2 EA'C') 

3 +(348'C BB DA?) DA C+ (24.0% + 3B 80 — AY 

PEA) EA + (35 — 240% EA B =o. 1 7 
. it was propoſed to exterminate x out of the Equations 


e140 Kb 4. 5. o, and . 5 205 % =0; 
Subſtitute for A. B, C, B, E; 4, B,, C, reſpeRtively, 1, o, 7 ; 


Example. — 140, o, 3*; 1, ) — 20, A 9:4 > and there will come out 

| (—9 3+ 280) x35+ (23.9 82 + 260) X (260 y* — $40.95) 
+ INN —27.3 X (99 — 49.97 ＋ 400. = 85 and by Multiplica- 
tion 1600 56 — 20800 55 — 67600 Fad = o, and by Reduction . 
433 —$23:+ 369 = 9. a 1 

e 1 S 5 

veſtigati. Let it be propoſed to exterminate x-out of t qua ions 

og + 52 _ Cx + D So, A, * ＋ B *2 + C' x + D' =o, mul- 

Sen tiphing La? ÞB of + UafED by Ma" + Ne + Orand f if + Ba 

terminating o C' x + D by M E + Nr O and adding their Products there 

an unknown will reſult. 74% + 4 ) gs + (B M + AN + BM — A N xt 

Skier dien. C - E NV AO N A. B. MA A O K . CON 

dee 0 o 4 ON +80) +(DN+ CO + DV +CO)s 

equation by + O D + 0 D =: 

| theforego- The Condition that Ts Powers of. * ſhould be deſtroyed in this Equa- 


er die bac, tion will give 1 M.+ 4 I o, R MTN NN NO 
CM+BN+40 +CM+B'N +4'0'=0, DM+CN+BO., 
+D'M+CN+BO0'=0, DN + D'N'+CO+CO'=0, 


conſequently DO D'.O' = o, and as there is one of the Coeficients in- 
determined, I determine MA by ſuppoſing it A; whenee 


M=z—AiAN+AN= AB' —BA, BN+BN+40+40 


=4#C—CH, CN+ON+BO+B'O'= FEE Py 
DN+D'N+CO+CO'=0. — 5 


T PR 8 


SL OO DEED 3, 
— = * 
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$PECIOUS ARITHMETICK. 


Tdedbes from the four NaF Fquations'the Values of 0 and Othy 9. 
Help of the Formuſas of Art: TAX VII. by putting * 


— 


„ N, y = N, 2 2 05 2 05 . =o! * 


| a= CO, . e 


| 45.87 4. V=Bj e A, df f, uA , 
| EW 4B. 5A. al '= . 


96 = 3 D/, ol = =C, ye” = OC, a" = O. 5 
In this Caſe the Numeratos of the Value of Z 210 i 3 10 
10 bo b) arr e B 22W oF (USC BY eee of 


AL CAO = db ad" + 


5 ae the Nola the Value of O will ben 


5 
? 
4 


4 C4 


EBD DFS EDA + 404 


K 2 . 5 
x 4 7 Be. HIPS If 
\ 4 - 
g | T * vs 
. BY p - 
* ya 
. F 
- 7 E: 3 - 
. * 
* 


4 *. 4 5 a” 4 CL — b Ja} d 


—M03 = 0+ $*0'+ AC # G + ABB 0% — 4CB*C—BAC'>. 


+ 4D B3—ABB* D — B DAB. + B A B D'+ AD 4* D 

— A f DA — Da 43 44D 2 4 MON Dn WE EC? 

E CA*D' + c Ie EIN +5970 : . 

And the * of the Value of / being veduced to 

[ a. 5 3 / % c 22 8% 8 6 b) gp a“ + I Cal. 1 tf 5) * 

+ (a f 4, SOS ERA 427 3 ) yr 4 + a FX — a't 2 7 0 * (al Bl — of! 1 þ/l1 ) 0 

+ a'ÞW.—a'b") ] 2. 

Conſequently the Nur erator of; the Value of O“ will e 
—#CB'D' —BED 4* EACD Ne- Ju b. 

a 256 7 — e 10 =" 3 

B GAA — 


＋ CIA + AB BP! — 1D . 


＋ ADC — 20 e 


- AB CRO EAR CAC 


Wherefore DO D' O'= 72 wild be transformed inetd 


4 D 5%. — 4 E A GEL e B.D* A" 

e e red 4. 475 
—ADABC—ACDABD'ECD NPB i 5 
= DA B* + B* DAN DAD 4 7 4 DD DA 

„ FADED AC DAR ADA B. 


of COLABDBB CK 
i ADB CD? 


+ ABCAD".— A OB! D —; A. 
+ EPS TRE AD ADA 725 912 


88 99 55 F. 


DB 
8 - Ps gi : 
ee SBC FER 48+ ACA e A he 


* 1 4 - 
— 7%. * 1 4 . - 


wes | - — 
>. bo 
X — Bw 73 —— 


Ann e SOR D* DB SD» ; 
B 40D 


1 CD! —4* CB D- 4 5D 
+ 45 CAD +. Fes. ED/, 48 CBC D'— B C. A B B 
B* CA C' Bir d, dh in 


4. DC A BDO G + £CC)D'—ABCBOD' 


—240 4CD'—dABDACD'— | B D401 +BODABC 


* 3 r a 
äkZʒ2—ä—— — — — —— ee Son en oo oo 


wo” 1 


104 ELEMENTS or 
+ 2 BD A*C' * 4603 — MB CD'* — 2 A'CB' Dit 3 DD. 
— ACDB'*C'+ AD*B3:+ AC*B*D'— 2AB DR -C. 
+ CD*A'*B'+ C3A*D'— 230 D. —: 3AD* A'BC' — BD B 
—D3A'3+ 3AD*A*D'+ 3AB CADA B*CA'C'D'— BCOA'BD\ © . 
— BCDA'*D'— 55A D 2804 EY e IF 34 *DBCD/'. PY 
+ ACDA' ET=s. 3 
N IV. | 
(40-3 2 CAN AD C — ACCD) 5 40 4. E 0. 
Ec — DA) BDA'C' + (=AD'+BC'—2CB'+3DA') x AAD'®. 
> + (CDC'—-DDB'—CCD'+2BDD') x UB ＋ C4) 
(3A B'C'+ B BB'+ DA* — 344'D) D DA' + (=3AD'. 
— B C/+CB'+D A!) BCA'D'+(BD' —2 DB) X 35 4 D. 
CONE EDC HO) IX OO = 0: | 
„ n 
Let the Equations A + Bui + Can hs Dx +. E = o, and 
A'x* + B 83 + C'-*+ D's + E =o, be propoſed z ; the HS 
Equation after x is extermingted will be found to * 41155 


RULE v. 


4+3(BA—AB) (E B. 255 E C'—C B1* 
gg -g. 1 —AB) DED (ED—Dz) 


N 
n 


—2(CA'—AC)(E C—CE)) +2(DA—AD!)*(E C—CE E') 
— — (DA—AD'\(E B- BE) (+ (CA—AC) (EB. — 5E) 3 
N Eee ＋2 C440) (DA—AD) (ED'—DE" 
— (C N MRO C') D p). 
44 B Ar- . 


nee 
7 SK + , $4 13 J } #.% 3 


| 42(BA'—AB) - "(04—4D)( (8B—BF)) + (C4'—Ac)(BC — E90 


— 4-40) — 57 2 ee, 2 | —2(BA—AB) (DEE (EC E 
+2(BA'—AB!) —AD!) ( 11m — (BA '—4B) (CSC) EO OE 
— (DC'—CD)) tt —AC) _ | +2(B4' —AB') (EB—BE) (DB'—ZD) 
+ E- (CA'—AC)* - i 1 = EC Wa 8 6 B— 2 BE] 

+ (CA'—AC). (DA—4D). (DB—BD)| wy | 
+ 54 —AB) (CB'—8C!) (E B—BE) | . N . 
67450 (EB— 76 


+ (B4—d8) e e (DO—=OD)J 1 
bur EE (BA'm AB) ee 
6 . 


CO” 
* 


_ 
. 


of Dimenſions in each Equation not exceeding four; for if the unknown. 
Quantity is only of three Dimenſions in the Equation L, we have no 


* G97 ” 
Wy nit p ak * * A 8 * n 
N . . N * 8 
7 8 * 


S8pPECIOUS ARITE 
This Rule will ferve to exterminate an unknown Quantity of a Number 


eee. un- 
| 3 N : now 
more to do than to put 4 = ©, that is, to omit all the Terms in the 3 


reſulting Equation among whoſe Factors F is included, and then the ber of dimen 
whole Equation will be diviſible by . And if the unknown Quantity is on 
only of two Dimenſions in the Equation L, we are to omit alſo all the is each equa 
Terms among whoſe Factors B' is included; and the reſulting Equation tion. may be 
will be again diviſible by A, &c. But if the unknown Quantity riſes only eg by the 
to three Dimenſions in the Equation L, we are to omit all the Terms in- preceding 
cluding E, and the whole Equation will be diviſible by E. And if the un- Rule. 
known Quantity riſes only to two Dimenſions in the Equation L, we | 
are alſo to omit all the Terms which include D, and to dividę a ſecond 


Time the Equation by E', and fo on. 


For Example, to exterminate x out of thoſe two Equations 


x3—2ax* + 44-33 o, and ea * ＋ * —ay*= o, by | 

the foregoing Rule; I put E = —a , D'= 5a, C'= a, B Example. 

o, 4 =0; A=1, B=—246, C44 „ D= , and E . 
Whence the Terms in the Formula, among whoſe Factors , B., or 


E are included, will vaniſn, and the remaining Terms will be diviſible 


E and A2; conſequently the Formula will be reduced to 


A ES - 2400 ER — ABDE* + 34 D DCE + 
 ACD* E'+ B*YC'E* —2BDC®E'—ADD3+D* C3B—CD 


CD B. DOC DW + C* C2 E'—=BCC'D' B'=0:"' 4 
In which ſubſtituting for E., D', C“; 4, B, C, D, their Values, 


56 8 4% +28 56 . 3 . — 45% 4. 44% + 4455 


+ 5 ＋ 35% ＋ 44% + 2 ap? — 16 45% — 8 af ys 
which after the Terms are reduced and ordered becomes, | 
3 +a*y7 ＋ 645 56 —12aty5— 12 4 % 35 + 3 ＋ 6 43 y* 


— 124% — 12 45. 


1 


ge foregoing Method for exterminating an unknown Quantity of How the de 
| ſeveral Dimenſions in two Equations, each involving two unknown 8'<e of the 


Quantities, alſo ſerves to determine the Degree of the reſulting Equation. — * : 


Let the higheſt Dimenſions of y in A be p, of yin B, p + 1, of y in determined. 
C, þ + 2, &c. In like Manner let the higheſt Dimenſion of y in 4 20 


be p, of y in B be p' 1, of y in C, p' + 2, &c. Then the higheſt 


Dimenſions. of y in the Coeficients of each of the unknown Quantities, 
included in the Equations ariſing from the Suppoſition, that the Terms 
affected by the Powers of x in the Sum of the two Products of the pro- 


poſed Equations into the undetermined Multinomials ſhould be deſtroyed, 
form ſo many arithmetical Progreſſions, i is thus, a Series of ' Quantities, 


that increaſe or decreaſe by the ſame conſtant Difference, -is called) having | 1 
the ſame common Difference. 30 | f 


W * * _ ä 4 ” 
5 2 * a > F 4 3 + << \ ub * TY ö * * SS * 
g A 4 7 7 8 * 1 


3 3 FS 22 8 7 f i K 4 „ 
1 HSA A N „ + « 
. 7 | ; ">, **,*% 4. 68 nn 
2 I , 1 8 5 4 2 
5 . 2 2 A 
5 0 : LES 9 
1 : 1 
. + 
F - 19 
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ELEMENTS OF 


8 F pp fx 


* 

e 3 
„„ hin pen 's tet Sen pa 
gf PT T ra a f+3 +3 


&c. 4 &c. &c. & c. : . & _— 

As will appear by the Inſpection of thoſe Equations, (Art. LIv.) | 
It will alſo appear by the Inſpection of the Formulas of Art. LXxxviI. 
Chap. 1. that each of the Terms of the reſulting Equation after the unknown 
Quantities are exterminated, conſiſts of the ſame Number 1 + = + x 


— 


of the Coeficients of thoſe unknown Quantities, and that two Coeficients 


of the ſame unknown Quantity do not enter the ſame Term: Whence 
it is eaſy to conclude, that the higheſt Dimenfion of y in the refulting Equa- 


tion will be expreſſed by the Sumof mw + n+ 1 Terms of = + x + 1 the 


foregoing Progreſſions, of which Terms two are not in the fame Column 
or upon the ſame Line. Now upon Examination it wilt be found that 


mn +1 Terms of NI of thoſe Progreſſions taken in this Man- 
ner will always make the ſame Sum. For Example, If we take five Terms 


of five of thoſe Progreflions. in ſuch a Manner that two of thoſe Terms 
are not contained in the ſame Column, or are upon the ſame Line, their 


Sum will be found to be 39 T2 6; and the general Expreſſion of 


m+ 


* this Sum will be $+(m +# +1) x (=) , 8 denoting the 


Sum of the Terms which compoſe the firſt Line, if the Progreffions were 
continued fo far; that is, of p, p — 1, p— 2, p — 3, continued to 
+1. Terms, and of p, , # — 2, P — 3, &c. continued to n'+r_ 


2 
2 
conſequently, if the higheſt Dimenſion of y in the reſulting Equation 
be expreſſed by G, then 5 18 „ a tg Ct -- 


Terms; wherefore S = (2 p—n) = + (2 þ—#) * ( ; ) ; 


= 
— 


„„ R 
in which ſubſtituting for = and . their Values * — 1 and m — 1 


| This eaſy to perceive, that the Degree of the reſulting Equation whe 


Limie which an unknown Quantity of ſeveral Dimenſions in each Equation is exter- 


the degree minated, ean never exceed m m' + þ m n, p and p' expreſſing the 
ef the refult Exceſs of the greateſt Sum of the Exponents of the unknown Quanti- 
ng equan® ties in any one Term above the greateſt Exponent of the Quantity te 

be exterminated in each Equatiom; for Example, if there were given 
the two Equations 43 x3 — 2 1 h + pf — 4 = o, and 


can not ex- 
ceed. 


- 
„ 
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to the 42d. Degree. 
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spECIOUS ARITHMETICK. 


| aIxÞ—3 uff „ie — 6— af = 0z the greateſt Sum of the Exponent 


of x and y in any one Term of the firſt Equation is 9, which ſubtrafted 


from 5 the greateſt Exponent of x gives þ = 4; and the greateſt Sum 


of the Exponents of x and y in any one Term of the ſecond Equation 


which is 6 ſubtraQted from 3 the greateſt Exponent of x gives #' = 3, 


now x being exterminated out of the Equations @ y* x5 — 2 44 x3 
y * — 2 =0, x — 333 55 * ＋ x — 5 — 4 o, the 

Degree of the reſulting Equation by the foregoing Art. will not exceed 

5X3 F4X3+5 & 3, that is, the gs Degree, much leſs then 

will the Equation in y deduced from the two propofed Equations aſcend -- 
A . hes | LXII. | bs EE fas 
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et 


r 2 ED 3+... 5 =0 


r 2 þ Dig *"1-3L.,..H"=0 


be three Equatious ; in which A, B, C, &c. A, &, C, &c. A", I, C", How an un- 
& c. denote Functions of two unknown Quantities y and z, and known knewnguan 


tity of ſeve- 


Quantities, and let the Dimenſions of A, B, C, &c. be expreſſed by l dimenſi- 


Þ 7 T 1, þ +2, &c. thoſeof 4, F, Cin &c. by g, #' + 1, f + 2, . ef. 
bc. and thoſe of A", B", C", Ke. by Pi, P. . 1, f. . 2, e. to ob- minted ont | 
tain the two Equations which reſult when x is exterminated, it ſuffices quations by - - 
to find three Functions of x. as ſimple as poſſible, by which the three the forego- 

Equations being multiplied reſpectively, in the Sum of the three Pro- ing method. 


ducts the Terms affected by the Powers of x will be deſtroyed, and 
three other Functions of x different from the firſt, as ſimple alſo as poſ- 
ſible endued with the ſame Property, _ _ | 
Mx NO OP E240 7 2 
Let | Pd ns x „ 
/ W IE IONIC ES 
be the three firſt Functions, performing the Multiplications, and adding 
the three Products there will reſult, 55 | 


M' x* + N' = + „ * 
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Let us ſappoſe firſt W = m'+ nand m+ n > m. + n, or at 
furtheſt equal. It is obvious that in Order to deſtroy all the Terms af- 
fected with x, the Number of undetermined Coeficients muſt be mu- EI, 
 whereforem En +1 =n+1+n#+1+n+1,. wherefore 
1 - — 2 and a = M - — 2. This being ſuppoſed, put- 
ting the Coeficients of each Power of x equal to Nothing, there will 
- reſult a Series of Equations; in which it is eaſy to perceive, that the 
higheſt Dimenſions of the ſame unknown Quantity, M or MN &c. form an 
arithmetical Progreſſion, and that all thoſe Progreſſions have the ſame 
common Difference; whence by a ſimilar Reaſoning to that employed 
in Artticle Lx. it will appear, that the Number G expreſling the | 
higheſt Dimenſion of the Equation in y and z reſulting from/the Combi- 


nation of m4- n+ 1 Equations, will be G=$8+(m+n+1) *Z®, & 


expreſſing the Sum of the Terms which compoſe the firſt Line if the 
Progreſſions were continued ſo far. Now it is eaſy to perceive 5 
19. That the Numbers which denote the Dimenſions which the Co- 
eficients M, NM, P, &c. ſhould have in the firſt Equation if they were 
found there, are p, p — 1, p — 2, þ 3, &c. the Number of Terms 
being = + 1, whoſe Sum is expreſſed by (2 p — 1 X 2.— = - J. | 
20, That the Numbers which in the ſame Suppoſition denote the Di- 
menſions of M, N, P/, &c. are p, p — 1, % — 2, &c. continued to 
a Number of Terms = »n + 1, whoſe Sum is expreſſed by 
(2 þ'—n) X ( — 5 ) » 39. In Order to find the Numbers which 
denote in the firſt Equation the Dimenſions of M“, V“, P“, &c. if 
thoſe Quantities were found there, I obſerve, that as the Place of the 
Term A” M“ +" in the Order of the Powers of x is denoted by, | 
mu - - k; fo will its Place in the Order of the Equati-. 
ons be denoted by the ſame Number ; conſequently, to diſcover what 
ſhould be the Dimenſion of the Coeficient M“ in the firſt Equation, 
we muſt retrograde m EA — . — 1“ Equations; conſequently, the 
Number which denotes this Dimenſion will be pg” —m — = + n + i. 
and conſequently, the Numbers which denote in the firſt Equation the 
' Dimenſions of A“, N“, P”, &c. if thoſe Quantities were found there, 
are p. — 1 — A —— m + 1 Pl m — n+ n + 9 15 5 — m — 1: 
+ m'' “ — 2, &c. continued to a Number of Terms = 1. x, 


whoſe Sum vill be (2 5 —2m—2n +2m" +2") x 9. 
| Conſequently, = (m + +1) HA) =) 
+ (2p'—n) ( ; — ) 85 (25% - 2 m— 2 πfάV ,n) (—- 7 =), 
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or ſubſtituting for u and 1 their Values found above, 1 1 
G 2 e m. — K „ C 


at 
af- , — 1 E - * — 2) 2% dh which 
-I, 1s undetermined 1 ce a" has not been determined. ; : | 
re ; LXIV. 
at- Hence the Equation in y and z may be Diving different Ways, but 
ill it is manifeſt that that which gives for G the leaſt Quantity is only to be How * 
he choſen; and it is from this Condition that =” is to be determined. To 2 
an determine therefore this extreme Value of & we are to find the Imitting quently G. 
ne Ratio of the Cotemporary Increments of the two undetermined Quan- 
ed tities G and u“ in the Equation G n HN n- - 

be 1161 
ple and to put this Ratio equal to Nothing. : 

s Let d & and dn denote the cotemporary Tncrements of Gand, 

: then G+dG=mm pm+pm—m—m+m'—_p — p"+r. 

he — . 5d — n. e LT 

| —mn'—mdn'+m' EM dn'+ 2 1 i, d f 20", 

o- ＋2 du; and ſince G = mm ＋ ＋E SA — n — W e 

re 11 — 5. — . n 1 n — n - m - 1 1. 2 

ns. dG= - N — n + , — md. — md n+ m d un 


+2n"'dn'+di'dnl+ 40. 


8 4 G | 
. And 3 =— p—þ +of — mn m „ 2 A 2+ 


to wherefore, — p + þ''— m — m ＋ . 2 1 ＋ d 2, ex- 

Mm | ou the Ratio of any cotemporary Increments of & and =”, and this 

"Ho | atio is always greater than — —#' +f#'—m—n'+m'i+2u'+2; = 
but dn decreaſing, this Quantity will alſo decreaſe, and as we may take , 


d n as fmall as we pleaſe, we may make —p — 15 + — — © 

+ T2 + d + 2 approach as near as we pleaſe to e red oi 55 g 
 +#—m—m'+m'+ 21" + 2; wherefore, e no? lens — mm ; 
| — m+ m' + 2n'+ 2 is the Limit of — 5 t p - - j 


+ . + 2#'+ d n" + 2 that is, of the Ratio TAL which gives | 
wi" — * . e . — * — 1. with made equal | 


to Noting. But it 6 l not 9 59 be | dy to employ this Value, | | 
1%, Becauſe “ ſhould be a ee Quantity. 20. Becauſe 5 


mm + mw then EET. cannot always be reduced to an Integer. 5 


3e. Becauſe m > n ſhould be greater than m” + N., or at leaſt equal to. 
it. 4%. Becauſe m being ſuppoſed leſs than m or = m1, it follows, that 
1 — 2 2 be Feneer than n“, or at 18 = n“. Ve, ſhall therefore 
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ſuppoſing, a to be the leaſt Quantity that can anſwer thoſe Conditions. 
This Value of »" being fubltttes in G there will reſult, _ 
 GCG=mm+mm'+mp+mfp'+mm+mp+ M PH f . p 
. & 


HEL EI For+ © AHL, ). 


Though there cannot be found a Value for à which will anſwer thoſe 

four Conditions, we are not to conclude, that from the Combination of 

the three Equations a more ſimple Equation cannot be derived, than if 

| 3 they were combined two by two; for we are to obſerve, that thoſe 
ſerve to ind Conditions ariſe from the Suppoſition, that m + n = M1 + A, and 
che values of m7 | n > M A &c. now there was no Reaſon why we ſhould ſuppoſe 
00,0". mn + n=m + , rather than mn t = , orm = m. 

It will therefore be proper to make three different Tryals. And if. they 

all three give poſitive Values for n, 1, =", (as ſmall a Quantity as poſ- 

' ible being put for 4) we are to employ the two Reſults which give the 
leaſt Value for G. and if there reſult poſitive Values for à, 1, =", only 
two different Ways, they are to be employed, provided they give a leſs 
Value for G. than would reſult from the bination of the 38 : 
two by two, and if there can be found poſitive Values for n, , n", but 
one Way, we are to conclude, that the unknown Quantity is once to 
be exterminated by combining only two of. the three Equations toge- 
ther. Finally, if there be no Poſlibility of obtaining for a, u, 1 poſi- 
tive Values without rendering the Value of G greater than it would be 
if the Equations were combined two by two, we are to have Recourſe 

=. to this laſt Method, but this laſt Caſe will ſcarcely ever happen, if it 

4 happens at all: For Example, it can never occur when p = p =o, 
= one Equation at leaſt will be found more ſimple than by combining the 
1 Equations two by two, except when ſome of the Quantities n, , . 
are equal to 1. | | | | - "i 


=. x 


| | LXVI. „ 
The foregoing Principles are ſufficient for finding in all Caſes the two 
Equations in y and z. We ſhall now proceed to illuſtrate them by ſome 


1. Let p = Oo, and m = m'= 


r 5 
3 TE 2 VU = 
If m is even, then a may be put = o, and the Value of E will be found 
= n; conſequently, leſs than would. reſult from the Combination of 
the Equations two by two, we may alſo put a = 2, except when 
m=2, and then G = — "Kia 


* 


m, then 2 eee — Sas M—7 


SPECIOUS ARITHMETICE un 


11 m is odd, put a t. and there will reſult G= 27 > which 3 


© Value i is leſs than would reſult ſrom the Cotnbination of the Equations 
two by two; now as there is no Reaſon why the equal Values of = and 
x ſhould be employed with Reſpect to two of three Equations, rather 
| ten with Reſpe& of the two others, we are to make Uſe of them both 
Ways, and there will reſult two e in 9 8 and 2 rack . a Degree 
expreſſed by . . 


Hence, if there are three Equations given each of a Degree m in 


which the higheſt Dimenſion of x is expreſſed by m, if m he an even . 


Number we are to multiply each 3 by an undetermined Multino- precedent 


: 11 of a Degree expreſſed by 
nating an 


tions reſulting from the 8 that the Powers of x in the Sum of 22" 
2 three Products ſhould be deſtroyed, an Equation i in y and 2 will be quantity. 6f 


obtained of a Degree exprefſed by 4 . To obtain another Equation, ſeveral dt. 


we are to multiply two. of the _— propofed Equations by a Multino- — | 


mial of a Degree expreſſed by — , and the third by a Multinomial > na 15 


2 Degree expreſſed by £4; and by putting in the Sum of the 


three Products the Terms Welsch the Powers of x o, there wilt re- 
| fult an Fquation in y and z. of a Degree expreſſed by 4 n + 3 
But if n be an Number, we are to multiply he oy and ſecond. F 


; Equation by a Mubinomial of a Degree expreſſed Hy" NR =, and the 


third by a Maltinomiat of 4 Degree expreſſed dy — we are to 
multiply alſo the Grit and third Equations, each by. a MultinomiaT of 2 
Degree expreſſed by — and the ſecond by a Muftinomial of 4 


| Degree expreſſed by. = or ele the ſecond and third by: a Mot: 
| tinomiab of a Degree = , and the feſt by a Muſtinomial of 4 
Degree = , eng there will reſult tat. Equations ing: ade, each 


of a Degree ee 57 '2 2 1 FS 
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| - From whence we may perceive, that by combining 1 the. Equations two 
by two, there will reſult an | Eqquacion: in 14 _ z 5 * Dimentions 
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„ TRUBMENTEO ER CET 
2 than when the three Equations are combined together; for by the firſt 
| Inconveni- Method the reſulting Equation will riſe in general to a Number of Di- 
nnn ne menſions expreſſed by n, and by the ſecond to 4 m* (4 m* + 1)* when 
| : & 0 „ $5 . . 
ow: nah of m is an even Number, and to E - —) Dimenſions, when m is 
kuown guan odd. This Difference is rendered more ſenſible by the following Table. 
{5 ) oY OR, 7 9 


a 


* By iſt. Method, 
5 7 By 2d. Method, 
Sodinble. 4 


tity by com- | 
paring the G = 16... $1 . + . 256. + 025. - . 1296, 9 . 2401 
G = 12 . 49 . 156 361. 756 1369 
. „ „ HS ET 5 
20. Let n = 6, . = 5, m" = 3, p = 4, Þ'= 5, p iq, there will 


— 4 — 2 12 . 10 +a 
reſult a = * To DE, BY. ee, e e eee 


| | 98 3 1 3 os 
The leaſt Value that can be given to @ is a = — 4, and then G83. But if 
_ we invert the Order of the Equations, and write down m = 6, m'= 33. 
m = 5, þ = 4» P. = 19, P = 5, there will reſult “ =——= 


9. 


e 7 — 2 2 8 — „ the leaſt Value that can be 
given toaisa = 18, and then G = 104. 1 


Inverting again the Order of the Equations, and writing down m =, => 3, 
1 = 6, b S 5, ff =49, P, = 4, there will reſult n“ = ——= , 


x ky 


* 2 1 A 2 3 POLES 18 A : : | 75 Th 4 
o = — — © 5 3 , the leaſt Value that can be gi- 


5 2 | mw | 
ven to. a is ſtill «= 18, and then G will be found = 85; but this 
Combination cannot take Place becauſe it gives m +n C fn c. and 
if the Equations be. combined two by two, there will be found G = 80, 
GC =144, and G = ay. Wherefore, in this Caſe, one of the Equa- 
tions in x and y is found by combining the Equations together, and the 
other by combining two of them together; we are to multiply the 
Equations indicated by m = 6, m'= 5, m = 3; I ſay, multiply thoſe 
Equations by the Multinomials indicated by x = 3, #' = q, = o, and 
the two Equations to be combined to obtain the ſecond Equation in 


and , are thoſe indicated by m = 6, m"=5. 
Fe : 7 00 7 * 


reſult . = "= 2 „ — „ 1 — » the leaſt 


Value therefore that can be given to a is a = 3; but it is uſeleſs, be- 
cauſe it gives m + = < m'—n''; let then a = 5, and & will be found 
= 52; changing the Order of the Equations, and putting m = 5, 


n 3, m. = 6, p 3, P. 2, pi. S 4, there will reſult . , 


4 "LIL, Au ies es” hen oe I PE q 
ov 18 N W PITS $A my n 


| far 7 2, Pl. d '= 1 there will reſult ” 


nomials by en Fi: Equations being multiplied, in the Sum of the, four « 


| Conſequently, O (f= +1}. EE — 9 5 77 L 
+ r —n) OY + 0 | 7) 243; 36 
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to a is 4 2 — y but it 3 uſeleſs, becauſe | it gives m < mt to 1 
Let a = 1 there will reſult G = 2, as it ſhould be, ſince the Multi- 
plicators of the Equations will be the ſame in this Caſe as in the foregoing. 
et then a= 3 there will reſult G ='54s changing again the Qrder of 
the . and writing down m=6, os = 55 offer; = * Js 3 4. 


* 
OY 


| * 20 fie Þ the Suppoſitions of a = — 1, 2 * cannot take 


Place. 1 ae: a, = 3, then G = 52, which give the ſame. Multi- 
plicators as were found above, and for the ſame Equations. If à be put 
equal to 5, then & = 56, combining the Equations two b two, there 14485 
reſults G 88, G = 64, G 6a. Wherefore, the two Equations in 
y and æ will be found by combining the three a * the 
ny being of 52 Dimenſions, and the other of 54. 6 : 
| LEE. | 
If four Equations are given involving” four unknown 3 to ex- 


8 a 


5 terminate one of them as x; let , , , M, denote the Exponents of x 


in the four Equations, let the Dimenſits.4 of the Coeficients of the ſe- Hee in 


veral Powers of x in the firſt Equation be expreſſed by p, % +T, Þ T. 2, tity of fove- | 


þ + 3, &c. in the ſecond. by , p' + 1, ＋ 2, þ 3 &c. in the ral dimen tb. 


third 17 pl, p'+ 1, p, = 2 Ke. and i in the fourth by Ps P * 15 — 1 


minated 


v 4 +3,8 LE k 


Let n, n', 1, n'', denote the e of the es Multi- tions by 


Producte the Powers of x will be deſtroyed. Wy 
By a ſimilar Reaſoning, to that employed * it will appear, hae” 0 75 


: mÞ+ n ſhould be put equal to * , and 1 + n+ 1 => 8. 1 det 
+ n+ 1.+ "+ 1; from whence is deduced n= - - 6 24 1255 een 


and n m - - — 3; alſo m +1 ſhould be > W. T n or at — 
br 


5 furtheſt equal, and m-+ n > H + , or at furtheſt equal. 


It will appear likeviſe that 9 . 2*þ — 0 (= 
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Exprefſion « of G will render it the leaſt. poſſible, we are to find, 19. T 
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limiting Ratio of the cotemporary Increments of & and 1, cotifidered 
put this Limit equal to Nothing; then to find the limiting Ratio of "the 


tities undetermined in the ſame Equation, and to put this :Limit-alfo 
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| | 1 000 the Conditions mentioned above. 
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ſulting 


equations a Subſtituting in & thoſe Values of n“ and , there will reſult 
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are given to, a and þ; if m be leſs than 3, it will not be 7 or ue to ren- 
der n, N, w, n", at the ſame Time poſitive. | In effe& i erm 
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Jo find the Values of ., and w., which ſubſtituted in the preceding 


as the N undetermined, in the Fe Equation, a e 
eotemporary Increments of G and 1, ſuppoſed to be the only Quai. 


equil to Nothing. These, Operations being „ e . eee 
= m' — , 1 and 


bit becauſe u, , , al! ; ſhould be poſitive i integer Numbers, and s an- 
eee, - Wemuſt put n= ET TT; — 


— 2 — m" nn Morin I, 437 
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third Equation will be obtained hy bie two of them together. 7 
e poſitive Values will „ 
be obtained for a, n, u, Hi, conſequently; the our Equations: my as... - 

combined together; z the two other Equations without * will be ol btained | 
by combining the Equations three by three, two different Ways. | 
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there will reſult 1 = =1,t'=2,n= "dr 3 ode G= 26. nf 
we put 5 =2, a= 2, then i = 2, E 15 i =1,”n'="0, and 
G = 25. Now whatever Alteration is made in the Grder of the Equa- ; 
tions, there will reſult the ſame Values for E, if not greater; it remains 
| therefore to examine whether more ſimple Values may. not be obtained. 
£ for E, by combining the Equations three by three, or two by two. The 
' Calculation being performed, it will appear that the Fquations RO 
5 by m'=6, m = , m . A, P . P. e P. = 1, will give 
- C = 24s and thoſe indicated by m = 7, m = 5, m 4, Pp = 2; 
oa cnt iy ity = $9 will give GC=25;; whereſore i in order to-obtain the 
e ee three ſimpleſt „ eg that can reſult after x is exterminated, we are 
to compare the four propoſed Equations three by three, the two different 
Ways, juſt mentioned; and the four together after the Manner indica- 
| ted by the Combination which gave G = 25. The Combinations of the 
_ ,, Equations two * 3 all give alues for G Yue _ e _— 
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tity of ſeve- Dimenſions of the other Coeficients being ſuppoſed to obſerve the ſame 
af dimenſ- Law as heretofore ; dy a ſimilar Reaſoning to that employed for 2, 3, 4 un- 
perth tl known Quantities, it will appear that m f = T ATI 
of five equa- ft + 1+ a + * = n + I + * + T+ A+ 1, from whence is 
tions by the deduced u m'— „ — 4, eee, —* a —4. 
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ber of unknown Quantities. 
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folution 3 ull>Depgrariaubich ': nal r Terms 
ſs confi e of e Farms That eun be reduced the Method 
0e Equi ß 4% Equations confefting of tavo Terms + 
nb a. _=_ Operations — ide to 257 ſe Bauations, 42 A #be' raiſing 
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AVING-filly Aibeten of 'Problemb:of the ſecond -Degivezi/ we. 
Ds” _ ſhall now proceed to explain how to ſolve' Problems of hi \gher Degrees, 
beginning with thoſe which produce Equations conſiſting of two Terms; 
of which due. is the follawing, which in its full: Extent ptoducesRqua« . 
Ee mg” Degree WI otter of 608 1 s 5 er 08 e f 
ti 21192533 DEH H Df fg ee $0 Ne eee 
A young Gortlemait borrowed u Sum of Money a, ap th#Lian of wodie Problem” 
be was to allow Interęſi payable L ariel it nt ſuiting bu. Con- 5 
venience ta. pay it at the End ef the firſt Term, the Lender agreed that it, pid | 
_ ſhould be continually added to 25 ie, after it came due, 755 that at the quiere F. . 
End of teach Ten the Sum or *Amoiint ſhould become ©a netu Principle fer N 75 
the uccecding Terms. until the Mbolę.ſbould 'be'difcharged" at one: Py ments cas terms 
Now after a certain Time t, the. Debt amounted to a Sum r, The 0 0 
 Tatereſt-allowed 7s required 7 13 2& 3011, 378 & 1 3874), id 99 67 6 8 155 
Let the arbitrary Number (but commonly 2005 that the Rate of: ts A7 
tereſt” is computed from, be expreſſed- by di and the Intereſt of 'this 
Number for one Term by 7. - Now the . op the firſt Term be- 
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be - af old ef, =a 4 — ol In like Manner it will | 
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a Series of 6 increaſe by one conimbn-Moltiplicator, or in 


| terms. 
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ſhall denote by a. Tbe Term of the Progreſſion ere & is. raiſed to the 
Power whoſe Exponent is 1, expreſſes the Sum due at the End of the 
firſt Term, that Where x is raiſed to the Power whoſe Exponent is 2, 
the Sum dut at the End of the ſecond Term, and in general the Ferm 
of the Progreſſion. where & is raiſed to the Power whoſe. Expone t is * 
expreſſes the Sum , due at the Expiration of the Time t; wher | 
have r = a xt, which Equation being ſolved, the Value of &, and eo 7 


: ſequently the Rate of Intereſts . d 4 will be obtained. 
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A radical 


cube can 


havebutone 
ſign prefixed 


to it. 


1 
41 firſt ſuppoſe. 4 "RS to be of the third Degree, as is, 
ax3 = r, to ſolve this Equation, it is eaſy. to perceive that it ſuffices to 
take away from x? its Coeficient,, and extract the cube Root of, the two 


Members. The Character employed by the Analyſts to ee the *. 
14 Root, is the ſame as for the ſquare Root, with 3 put over it. 


Thus to ee the Value of x. deduced from the Equation a 10 =r, 
or K 2 2 —, they write down * 2 =, If, for Example, the 
Sum lent @ be C1000 and remained anna. 3 Years amounted to £1 337 15 


| then (he Amount of GL in one een or & = 331. l 0 


An 
11 is to 0 obſerved this we are not at Liberty; to prefix. the Sign * or 


— to the radical Sign of the cube Root, as to that of the ſquare 


Root, but that the Sign of the cube Root is the ſame as the Sign of the 


| Quantity whoſe Root is . becauſe the Cube of a poſitive Quan- 


tity is poſitive, and that of 3g negative Quantity negative. However, 
though a Cube has only one Root, and this Root has only one Sign, we 
are not to conclude that an Equation as a r, will give only one Va- 
lue for x: That this may appear, let the Equation a * r be reduced 


to this Form x3 — —= o, and its Root x'= 2 , alſo to this 


Form . then dividing * — — by =. the 


Quotient will be an ene, of the fecond Degree, which will contain 
the other. two Roots. 


To perform this Operation with leſs Trouble, I put < — 5 where- 
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by the preceding Equations are transformed into 5 So —_ = o, and 


x —c:= O, dividing the firſt by the ſecond, the Quotient will be found 
to be x* Þ c x + > = o, whoſe two Roots are expreſſed by 
& - te ** e and vill become the icons and thin Valdes 
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In like Manner an 3 conſiſling of two Terms of any ker no 3 
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of equations 


the unknown 2 in the e Equation. For Example, the conſiſting of 
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$2 »- 7 ” 4 T 4 * * 1 1 4+ : & 4 of 4 1 1 0 . : PR 
4 1 4 5 9 ts N #3 7 * F z : 5 * * , f 3 "A. 0 F « "14 4 5 % 
? is 


If 7 is an id Number, this wy is neceſſarily 89 or ane 
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OY „ = 1,610g1,/ Aich has, only ien! Root ＋ 1, 1, the other Roots. are | 
: found by reſolving the Equation * ＋1, 1x3+1; 21 ＋,331&＋ T 4641 0 
which Alices by 4 viding the Equation N 51051 =o by x —1,1=0; 
it is eaſy to perceive without refolving this Equation that its Roots are a 
imaginary, for if any of them was real they would reſolve alſo the Equa- 
tion x5 = 1,61051, n ſome other i rag) n Jo 1 
to the fifth Power Would give i b: «at Fr AT 
a I $7] | 
mer. "IC "To test the Reſolution of Equations eonſi ſling of ws 7 x7 it 
involution remains to. ſhew how the radical Quantities they produce are reduced to 
quantities their loweſt Terms, or how Ueir Roots are extraBted when my are per- 
feet Powers. e n INE IG 
To enable the young Analyſts 10 nen thoſe Caſes it wilf be ne- 
= to make ſome Obſervations on the Converſe of this Operation, chat 
is, on the Fifi Quiifitities to any Power. ws 
| "if a Quantity as ed was Profole2 to bs rife is 4 Per a, it i 
e a6} ealy to Peretive that this Power would de gy go: e 


If it was pfepeſed to 'Eaiſe s my Noe 4'Quinihy is A 242 having 


7 Aa Diviſor, it is manifeſt that the Divifor and Dividend muſt be Aae to the 
propoſed Power, and if the Quantities had Coeficients they Auſt. ikeyiſe 0 
be el ie 3's moan ru 6 4 if 1 e of the” given Quantity are 
miſed te any Powers, they will t ratſed to a new N wheſe Ex 
nent will be the Product of the nent they had L into that of he 
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vi in the Place of any Quaptity that bins * FraQional RS. 3 
may ſubſtitute the Root of a Quantity whoſe Expogent is an Integer, b by What frac» 


placing above the radical Sign the - minator of this FraQi tional powp 
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— Th me J, V, then 5 = r et, 5 "thoſe two Expreflions being equal, : 
for "if they be multiplied by the ſame power of x there. vin reſult the 
dame Produ8, for Example; as Nef r -, u in ge- 


- neral any Quantity placed i in the Denominator of a Fradion may be tran- ' 
ſpoſed to the Numerator if the Sign' of its Exponent be changed. 
1. | TO apply thy s general Solution to an Example, let it be required to find 
—_— $I prin Sum df Money tent out at 6 per Cent per Annum would 
| our to 230 5 1 75 74d. at the wt Fon oe of e here r= r=385,0811 
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the foregoing Reductions and e eee ee are neceſſary 1 in an 
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] S SPECIOUS' ARITHMETICK. » 
When there is only a Part or Factor of the propoſed Quantity whoſe 
Root can be extracted, the Root of this Part is placed before the Sign and 
the other FaQors under the Sign, let it be propoſed, for Example, io ex- 
tract the Root of the fifth Power out of CE „ which is compoſed Eat glas 
1 | 7 32 410 þ5 „ 33 «£4: 6 £48 
of the A wigs by 2 into = , the firſt Factor being the wh 
35 and the other having no Root of the fifth Power I ſet 
V e 5 3 
down 7 1 TT for the Root Pe: r 
u like Manner the cube Root of e will be, 
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Power of 
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roduct of 1 _ the firſt of which Quantities is a per- 

fe Cube, that of I. a, and the ſecond has no cube Root. In like Men- 
5 % 3249 +128 a6b3—1608564 24 4 at+qgabl3—$h4 , _ 
ner V. TT Th 3 55 | e "vg T7 . 
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When the Quantity whoſe Root is propoſed to be extracted is compoſed 
as the foregoing ones of ſeveral Terms, and after having ſeparated from 
thoſe Terms ſuch Quantities as they all include that are perfect Powers 
of the ſame Name with the Root, it is ſuſpected that the Remainder 


rive Rules for extracting the Roots of thoſe kind of Quantities beginning 
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| 1257 1e. The Cube of the firſt Part, 
tms firſt Part multiplied into the ſecond Þ IT 
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8 Part multiplied into the Square of the ſecond, 4. The Cube of the 
ſecond 1 5 5 4X i It . [5478-1 Preps; . Ph 3 r 1 The 


„ö‚„,:;ʒ; m „„ 
+ The cube Root therefore of any compound Quantity will he diſcovered 

Et after this Manner, firſt look out for a Term which is a Cube and thig 
Method of Cube correſponding to us place its Root in the Quotient, which will cor- 
33 reſpond to , then ſubtract its Cube from the propoſed Quantity, and di- 
root of oom vide the Remainder by the Triple of the Square of this Root, the Quo- 
pound quan tient will be the ſecond Member of the Root, and will correſpond to z 
1 then multiply this Term by the Quantity correſponding to 3 uu + 3uz T zz, 
that is, by the Triple of the Square of the firſt Member, together with 

the Triple of the Product of the firſt Quantity into the ſecond, and the 

Square of the ſecond, ſubtra& the Product from the aforeſaid Remainger, 

andi if nothing remains then the cube Root of the Binomial correſponding = 

to u + is obtained: If there ſtill remain ſeveral Terms, to diſcover whe- 

ther the propoſed. Quantity is not the Cube of a Trinomial, thoſe two 

Terms muſt be employed in the ſame Manner as the firſt was, to find the 


ſeco 


Some Examples will illuſtrate this Method. Let the cube Root of the 


Fir exam- Quantity 8.35 + 60 K. 5 K 150 %% + 125 65 be required. 
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Texttact the cube Root of the firſt Term 8 36, and fet down this Root 
2 y* beſide the propoſed Quantity, and then write down the Cube of 2 54 
under this fitſt Term, obſerving to change its Sign, that is, prefixing to it 
the Sign —, the Subtraction or Reduction being performed, I ſet dow n 

the Remainder 60 6 3* + 150 54 y* + 125 35, and place above 2 5 the 

Teiple of its Square, that is, 12 Fi TT then divide the firft Term 60/3 y* 
by 12 77, "and place'the Quotient 5 z. beſide 2 u L then add/to 12 y* the 
Product 30 3 5 of the Triple of 2 5% into 53 Ja, and I add to thoſe two 
firſt Terms 25 5“ the Square of 5 57, I then multiply 5 6® by thoſe three 
*Ferms, and I ſet down their Products with their Signs changed under the 
Quantity c 5. K 1 % + 125 36, and after the ReduQion «there * 
being no Reminder left, ' conclude that the propoſed Quantity is a' per- 
leck Cube, and that its Rost i 2 5 +5358, Te NN 
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11 the cube . of x5+66 3521 5. 44 1 r 8 bSx+2786 
was required, which it is eaſy to perceive ſhould conſiſt of more than two 
Terms, by an Operation fimilar to that employed in the foregoing Exam- '' | 
ple, the two firſt Terms of the Root will be found to be x* + 2b x; but 
as there is a Remainder 963*x* 4+ 36 3343 + 63 þ*x* + 5485 x + 27 bs, 

1 divide the firſt Term 9 3 Nef this Remainder by 3 5 triple of the 
Square of *, becauſe this Term is the firſt of thoſe which ariſes by trip- 
ling the Square of the Quantity x x + 2 5 x which actually correſponds to 
the firſt Part (called u Art. xIII.) of the cube Robot fought, having eat 
9 ha x* by 3 *, I ſet down the Quotient 3 & beſide xx + 2 bx, I then 
add together the Triple of the Square of & 4 Þ 23 a, the Triple of the 
Product of x x + 2 6 into 4 l and the Square of 3 52 and there reſults 
3x*+ 12 b x3 + 21 5 K ＋ 1833 K bs 9 54, which 1 multiply by 3 3, 
25 I ſet down the Terms with their Signs chan ed under the A | BER = 
9 x4 +36 83 x3 +63b*3* +5 4 rt 27 e RTE. 1 
JuGien there. is no Remainder left 7 conclude that 45 7,4 2bx ag 52 is * "+ 
cube Rodt of the propoſed e 2 
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s. cube Root of any Number may de Fw ans q the FO POR Method of 
if it be 4 Number under 10 its neareſt cube Root i is found by the. 1 extracting 
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Where it ig eaſy to obſerve that kg 91. of a RR 888 com 
fiſt of more than three Places. of - Figures, ſines the Cube of 10 the leaft 
Number. ing of two Places is 1000, the leaſt Number con | 
of four. Places of Figures, that, 'the Cube of 4 Number conſiſting - % 
two Places of Figures cannot confiſt of more than fix, Places, ; fine. the 
Cube of 100 'the leaſt. Number conſiſling of three Phces gf Fes js 
100000, the ſeaſt | Number of. ſeven Places: \Procecding ie 
this Manner it will appear that the e of any uber | cannot confalk 
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| XI ET BLEMENTS: OS C44; © | 
of more than the Triple of its Places, and in general, that the Power p of _ 
2 &@ Number conſifling of n Places cannot 2 of more than p n Places; from 
whence it follows, that a Number conſiſting of leſs than four Places of Fi- 
gures can have but one Figure in its Root, that a Number conſiſting of 
more than four but leſs than ſeven Places can have but two Figures in its 
| Root, that a Number conſiſting of more than ſeven but leſs than ten Pla- 
des of Figures can have but three Places of Figures in its Root and ſo on, 
taking for Limits the Numbers 1, 4, 7, 10, 13, &c. whoſe common 
Difference is 3, conſequently the Number of Places which the cube Root 
of any Number conſiſts of is diſcoverable. by Inſpection: How the Num- 
bers correſponding to thoſe Places are found we ſhall now proceed to explain. 
aa Eo ia $1045-7,, AV: 25 
Let it be propoſed to extract the cube Root of 5,305, 472017441, Cc. 
The forego- 53954472 8s it conſiſts of ſeven Places, of Fi- 1777);l) 
ing method gutes, I conclude that the Root will conſiſt of 43 
1 three, to determine the Numbers correſponding EE. arr ae 
3 ple. to thoſe Places, I expreſs them by x, y & z, con- 21000" © | 
| ſequently x3+3x%+3 x3*+33+3[x*2xy+y*]z 140 | 
+ 3ſe+y5]z*+ 23 = $5,305,472 ; Hence the 343 - | 
Difficulty. is. reduced to find the Terms of this 31434... a 
Quantity in the given Number. It has been pro- 392472 _ —__ 1 
ved that the Product of two Numbers multiplied 857 3 
into one another has as many Places of Figures to 34080 | 
the right Hand of it as there are to the right 810 | | | 
Hand both of the Multiplcand and Multiplicator, — 64 e Wen „ 
conſequently the Product of three Numbers mul- 324. 
14  tiplied into one another will always have as many 37448000 __ 
8 Places of Figures to the right Hand of it, as there 28280 _ © 
| are to the right Hand of the three Numbers mul- . © 36331200 | * 
| tiplied together. Now the firſt Number x being 83520 te 
Hundreds its Cube x3 will have fix Places of Fi Th WO 
geures to the right Hand of it, whence ſeparating — 84.4284 
by a Line the ſix Figures 305472 to the right 1033216 
| Hand of the propoſed Number, The Cube of — 912460800 | + 
the unknown Number x of Hundreds of the cube 912460800 
Root will be found in the Part 5 to the left Hand 32320 
of the ſeparating Line, and will be the greateſt '—__ — 
Cube contained in this Part 5, but 1 is the 2213121 
greateſt Cube it contains, . conſequently 1 the ' 120702879, c. : 
cube Root of 1 is the Number of Hundreds of 
the Root which 1 therefore ſet down in the Quotient and deduRting 1 T4 
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three Times the Square of the Number of Hundreds of the Root multi- 


1 Hundred, and dedua 300 X 7 + 7X7 X10X 3 + 3/X:7'X 7 or 


392472, which | ſhould+ contain the Terms 3 (K 2K +'5*) £ 


— 


that is, 355024 from 392472 and there remains 37448, whence, 174. is 
Number 5305472, which exceeds this Cube by 37449. 


8 


dividing therefore 43 by 3 or 4305 by 300, inſtead of the whole 


and the Cube of the Number of Units: Now becauſe: three Times the 
which has two Figures t the right Hand of it, whence dividing 3924 


the right Hand of the 17 Tens already found, and deduQt 


* ' 0 - 1 „ 
Example, to extract the cube Root of 5305472, inſtead of 5395472 gumbers. 
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1 PE CIOUS ARITHMETICE. Ls”, 
The Square of a Nuniber of Hundreds which has four Places of Figures 


to the right Hand of it, being multiplied by 'a Number of Tens Which 
has one Place of Figures to the right Hand of it, the Product will have 
five Places of Figures to the right Hand of it: wherefore the Term 3x*%, 
will be contained in the Part 43 which has five Figures to the right 
Hand of it. But the Product ariſing from the Multiplication of three 
times the Square of the Number of Hundreds multiplied into a' Number 


Hundreds, will manifeſtly give the Number of Tens, whence the Number 
of Tens of the Root will be found by dividing 43 by 3, triple the 
Square of the Number 1 Hundred of the Root; to determine the Part 
of this Quotient to be employed, I obſerve that 3 * y + 3 x y* +53, or 


plied into the Number of Tens, together with three Times the Square of 
the Number of Tens into the Number of Hundreds, and the Cube of the 
Number of Tens ſhould not exceed 4305, ſince the Cube of the Num- 
ber of Tens ſhould have three Places of Figures to the right Hand of it: 


Quotient 14 reſulting from this Diviſion I find only 7 to anſwer the above 
Condition; I therefore ſet down 7 in the Root to the right Hand of the _ 


2100 + 1470 + 343 or 3913 from 4305, and to the Remainder 392 1 
annex the remaining Figures of the propoſed Number, and there reſults 


+ 3 (x + y) 2* + 23, or three Times the Square of the 17 Tens mul- 
tiplied by the unknown Number of Units, together with three Times 
the Square of the Number of Units, multiplied into the Number of Tens, 


Square of the 17 Tens multiplied into the Number of Units, ſhould have 
two Figures to the right Hand, it will be contained in the Part 3924, 


by 867 three Times the Square of 17, or dividing 392472 by 86700. the 
Quotient 4 will be the Number of Units of the Root, which I ſet down to 


* 


3 X 170 X 170X 4 +3 N 170 X 16 + 64, or 346800 + 8160 ＋ 645 | 


the cube Root required of the greateſt Cube contained in the pfopoſed 


| Es 8 2 A 30050 r n 7 2 Method of 
When a Number is not an exact Cube, as the foregoing one, we may epproxima« 
however approximate to its cube Root to any Degree of ExaQtneſs ; for dg we 
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180 „5 1 3 ELEMENTS: or 


it is al * pereciys that we may ti kes 2 


trading the cube Root of the Numerator whieh may be found true to an 
Unit, and dividing this Root by 100 the cube Root of the Denominator ; 


$5 eher Root of 2 258 cf Sasel vin be obrained inne a0 


i 30; 4720000 
1607 1 If. we (RE wrote. — 158888 5850 0 2 5 it eaſy to perceive, that 


the Root would be found true to =, obj 0 on, whence in extraQing 


the cube Root after the propoſed Namder is gone through, if there is a 
Remainder, the Operation being continued by adding Periods of Cyphers 


to that Remainder, the true Root will be be ROS in ee 10 = 
en n ExaQtoefs, en Example. | u 


KX. 5 
. Helis dnl be . perceive, that the cube Root 40 * may bs. 91 


the nf ebuild by the 4 Pre Method of reaſoning employed in the foregoing Ex- 
e OI ample, the Proceſs of which may be expreſſed thus; point every third Fi- 
a. 2 beginning with the Units Place, and by theſe points the Number will 
be diſtinguiſhed into as many Periofs as, there are Figures in the Root; 

then find by the Table of Cubes the greateſt. Cube in the firſt pointed Pe- 


riod of the | propoſed Number, the cube Noot of which place in the Quo- 


tient to the right Hand, and ſubtract the Cube thereof from-the- firſt point= 


- ed Period, bringing down to the Remainder the ſecond Period; then divide 
this Reſolvend y thrice the Square of the firſt Quotient Figure, conſider- 
ed as expreſſing a Number of Tens, whereby the ſecond Quotient Figure 
of the required: Root wilt de found ; continue this Method tilt all the Pe- 
viods are brought down, and then, if the propoſed Number be a perfect 
Cube, there will be no Remainder :- but if ſomething ſhould remain, annex 
Cyphers three at a Time, and carry on. the nee ee to 807 
propoſed Degree of ExaQunefs.. 


1 5 


As by raiſing the Binomial u + . to the third: Power Rules are re obtained 


for extracting the cube Root of Quantities; in like Manner, by raiſing it 
wy the fourth, fifth; &c. Powers, Rules may be derived for extraQting the 
Roots of the fourth, fifth,” &c. Powers of Quantities : But to compre» 
hend under one general Rule, the Extraction of Roots, the Anelyſis have 
ſought a general Expreſſion for the Power of « + 2. 
varies To find this general Value of (# + or of u + E multiplied into 
onof Sir Iſa- 
e ” itſelf as often as there are Units leſs one in m; let us firſt examine the 
deem fer Product ariſing. from the Mukiplication of ſeveral binomial Factors 
4 Fogg * ＋ 4, x +b, x +c, x +4, &c. and endeavour to diſcover the Law 
any power. obſerved in the Formation. of all the Terms of this Produds. 


1. e 
to it; obſerving: that the Denominator ſhould be a cube Number, then ex- 


OY V+ 05%. 
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Multiplying al thoſe Fséiors into one another there reſults, 
8 Fo Lb Le eh + (0b-þ8 ca da eb dee 4e 44 5 a 
+ (a be-babd+abeharcdhtaceÞade+bed+ en | 
+ (abcd +abre+ abde+acdeÞbede)s + abed 7 

From the InſpeQion of this Product it is plain, 10. That the rl 13 
Term is & raiſed to a Power equal to the Number of Factors. 

3 That the ſecond Term contains x raiſed to a Power wp by an Vai, | 

having for Coeficient the Sum of all the Letters (a, b, c, d, e, ). 
3». That the third Term is compoſed of „ raiſed to a — by 


two Units, with a Coeficient equal to the Sum of all the Products that can 
be made by multiplying any tuo of the Leiters (a, b, e, a, ec by one 


another. 

4 That the Ach Term includes: x raiſed to Power leſs by three Units, 
h a Coefieient equal to the Sum of all the Products that ean be made 
by multiplying into one another any three of the Letters Ca, ö, e, d, "y an 
and after the ſame Manner all the other Terms are formed. 

Applying therefore thoſe Obſervations to the preſent Caſe, in which all 


| the Factors are w i ual, and their Number is expreſſed in general by n, it 
t t 


will appear that the firſt Term will be x" that the ſecond Term will be 


«„ multiplied by m a, ſince b, c, &. are equal to a, and their Number 
is m; that the third Term will be 2 *, with à Coeficient equal to 43, 


repeated as often as there are Rectangles a i, c bc, dec. in the Coefei- 
ent of the third Term of the Product of the Factors *. Ca, -L, e, & . 
the Number of which is fuppoſed to be m; ſmce all the Products 

ab, ac; 5 c, &c. ſhould be all equal each to 42, when 5, c, &c. are 


| equal to a : that the fourth Term will be K, with a Coeficient equal 
to a3, repeated as oſten as there are Products abc, à ö d, aca, 5 c d, &c. 


in the Cocfietent of the fourth Term of the Product of "the | FaQors 


„* a, Kb, * Te, * d, &c. whoſe Number img and after the 
ſame Manner all the other Terms are formed. 


The Queſtion i is therefore reduced to know how many different Produts 


Number ui of Letters will admit of, when taken two by two, three by 


three, &c. for ſuppoſing that thoſe Numbets were found, - and were * 
preſſed by 4, B. U, D, &c. er would reſult - E '+4 a* x 


| i at gu” "3 Wy. Cab gn” 18 * 55 cke. for the Vie fought of 


(*«'+ 
To 746 fit JW many efent Produtts 4 Number 1 0 LY 


2, b, e, u, &c. taken two by: two will admit of, 1 obferve that when all 


thoſe Products ate formed, there will be twice a5 many Letters let doun 42 
thete are Terms. | 
1 obſerve next, that ach of the Letters 4 4, ö, e, Ke. mould be repeat ted 
the ſame Number of Times, and that each Letter; being meltipked by all 
the Teſt and not by itſelf, can not be repeated more than #1 — 1 Times; 


132 


1 ELEMENTS, or 
wherefore the Namber of Letters to be ſet down in e all thoſe Pro- 
©. duQts ſhould be mX ( — 1); wherefore the Number of all thoſe Pro- 


| duQs ſhould be = ( , and this is the Value of 4, or of the 


a Coeficient of the third Term of the Formula ſought. 


To find the Coeficient of the fourth Term, that is, the Montes of 


different Products of three Letters a 5 c, abd, ac d, bc d, &c. that a 

Number m of Letters a, 5, e, d, &c. will admit of, taken three by three, 

AI obſetve firſt that this Number ſhould be the one third of the Letters ſet 
don in forming thoſe Products. 


I obſerve next, that each of thoſe Leyers ſhould be repeated the ſome 
Number of Times, and that 'this Number is the ſame as that which ex- 
preſſes how many different Products all the other Letters, taken two by two, 


will admit of; for it is manifeſt, that each Letter a for Example, ſhould 
be joined to all the ProduQts ö c, bs, e d, &c. of the er ann, e. 


ken two by Wo. 
The number of Times therefore that each of the Letters a, b, e, 4, Ke. 
ſhould be repeated, is the ſame as that which expreſſes how many dif- 


| ferent Products a Number m — 1 of Letters 5, e, 4, &c. taken two by 
two, will admit of. Now we have ſeen that when the Number of Letters 


was m, the Number of their Products, when taken two by two, was ex- 
preſſed by the one Half of 'the Number my. multiplied by the Number 


1. er agen e the Number of Letters is m — x, we ſhould 


take the one Half — 


that is, 2 we LP; - 2 22 expreſſes the Number of Times that each 
of the Letters a, b, _ c. ſhould be repeated in all the Products in 


of this Number, and multiply it by m — 2, 


Queſtion; and as the Number of thoſe Letters is n, conſequently, 


Xfw— 1X (w=3) will be the Number of all the Leiters ſet 


: down 3: . the Number ſought of the Products of three Letters 


abc, a b d, &c. will be xn, and this is the Ve- , 


lue of B, of the Coeficient of the = Term. 


To fin the Coeficient C of the fifth Term, that is, the Member of. 


Products of four Letters, that a Number n of Letters will admit of; I 
obſerve, that this Number ſhould be the one fourth of all the Letters ſet 


down in the Products; that each of thoſe Letters ſhould be repeated the 


ſiame Number of Times, © and ſhould be combined with all the Products of 
© *three Letters, that a Number mz — + of Letters will admit of: and in 


ke, that thoſe Products of unn ne ler 


ters wilf admit of, thould be expreſſed by KL En 
for the ſame Reaſon that = 22 D expreſſes the Num- 


hence the Number ane of the Products of four Letters abc d, abce, * 


0 m X 4 * N = 43 3 
2. 11 x 5 — 17 2 IO X (m r 4h 20 abe, 
K- KL 2 2 
Dein 2 SP 
for the power m of x + 4. 


+ m X (m—1) As 2 1 2 2 DEE mula for rai 
| 2 „ NaF * 
= mX(m—1)X(m—2) X(m=3) *, r. 


- ſuffices to make z negative in this Formula, which will transform it into- 


4 FE” 3 


mula, we have no more to do but to ſubſtitute in the foregoing Value of Application 


Power, 1 put 34e = u, — 254 = 2, 5 = m, and there reſults 
1 "= (3 a ci = 243 45 c5, N 2 


a . "Sy * 
1 


SPECIOUS. ARMITHMETIOK. By. 


2X3 


X. 
ber of Products of three Letters, that a Number m Letters will admit of; 


will be expreffed by - if Cen, wg 0 5 


2K 3 
Forming ,after the ſame Mawr the _ Coeficients, and ſublitoting 


in the foregoing Formula in the Room of 4, B, C, N, E, &c. their Va- 
lues thus — there will reſult at length x” +: 1 


In like Manner, the Value of 'u +2" will be 1 os m2u"” ! Geert for 


2 u wg ling «+ ⁊ to 
ok e 


2 & 3X4 i; AM 
As to the Value of WOO 29 » it 18 manifeſt, in order to obtain it it, ie 1 


mYX(m—1) 2 — + r 43 5 g 


2 2 
mY 41 — 1) X (m — 2) X . 


1 3 * 


XXI N 
To raiſe any Binomial to a given Power by means ns of the foregoing For- 


(u + 2)* in the Place of » the firſt Term of the given Binomial, in the ** ng forms 

Place of z the ſecond, and in the Place of m the Exponent of the Power 1 ** 

which the propoſed Binomial is to be raiſed: rie- 
Let it be propoſed, for Example, to raiſe 3 a-c — 2 þ d to the fifth 


""'=5 x — (2b) X (3aef 
= — 810 a*b cd, —— — 2 y""3=10X4bbddX(3ac)}3 
1080 45 bb Ids, — — 2 3 39 


3X4 +: 
10 K == 42599 X (365) = 720 4 [3 6 42 


\ 


E 9 N 5 >. Te, N 
E CENT ok he? 3 , R 7 
h „ 9 5 f 
ST / l : 
> 4 * * 


i 5 ELEMENTS: OP: 55 ä 

AU = (ale , 

| gyro ing "ns 2 „„ N. | | e | 

| =1X— (23 405 X (3 2 c% = — 3285 45, 5 8 | 

As to the other Terms, their Coeficients including among their Factors 

m— 5, which is equal to nothing when mn = 5, they ſhould all vaniſn; 

| whence the Value of (3 4c — 26c)5 will be 243 a* cf — 810 at b 444 

; ＋ 1080 43 62 3 d — 720 a* 33 c g3 + 240 4 e d — ge 68 ds. 

L 1 1 XXIII. 1 | Es 

| 1 If a Quantity conſiſting of more than two Terms is to be involved, it 

[ © formula may be eaſily effected by the ſame Method. If it be a Trinomial, for 

| may be ap- Example, calling u the firſt Term of this Trinomial, z the Sum of the 

L oa} , two other Terms, the Difficulty of raiſing a Trinomial to any Power will 

| conſiſting of be reduced to that of raiſing a Binomial to the ſame Power, ſince each of 
awo terme. the Terms mu E, - % — 2 * 2, &c. does not include 

any Quantity to be involved more compoſed than the Binomial. | 


| $$ =ZXIV. -- | : / 85 
To ſhew by an Example how the foregoing Formula is to mod 
for railing to any Power a Quantity conſiſting of more than two Terms, 
let it be propoſed to raiſe-a + 2 #— c to the fourth Power. I put m = 4, 
u=4, 2 = 26 —c, and ſubſtituting thoſe Values in the Formula, there 
reſults u” 4, m2 =4 X (2b — c Xx 4 8435 —4 a3 cl 
— — — 2 * 1 6 v0 (2b — cY*R a* = 24 46 — 24 a* be 
+ 6 42 c2, . P 83 23 2 324 K (25 — £)3 Xa 


| J. deen — = 

— 7 And f 48 As $ c F 24 8. 3e e — 4 4 , 
e er 3 4 
rr 
iS -%. x A 
and conſequentiy, (a + 23 - % = 44 + 825 — 423 + 24 4 32 
2244 3 + 642 U + 32 4 53 — 48 2 6 + 24 46 C2 — 4 ac 
| + 16 6+— 32 63 ＋ 24 5c —8b3 + ET 
3j f 1 3.190 3 1 

To find the Roots of Numbers by means of the foregoing Theorem, 
every fourth, fifth, and in general every n Figure, beginning from the 
Units Place, is to be pointed, according as it is the Root of the fourth, 
fifth, or in general of the m#% Power that is required; and if there be 


: any Decimale annexed to the Number, they are to be pointed after the — . 


which is the greateſt w Power in the firſt Period to the Left of the given foregoing 
Number, and the Root of that Power will be the firſt Figure of the Rogt theorem, 


| firft, and afterwards the fourth Figure (if there he a fourth Period). after 


* . 


exceed 10 25 21 + 10 u* 25 + 5 &f + 25, but 10 v3'2* is equal 9 


the Root 4 has not been rightly determined: Let the ſecond Figure uf the 


lady, 25=243, which-added to the 83610 Tens, makes 836343.z. Where 


of the ſecond period, and this Number will contain the Term mu” E 


mains of the two firſt Periods does not exceed — 


the Formula of the fifth Power is u + 5 1, + 10 2 # +10 u* 23 of this me- 
+5uz*+23; wherefore 64 is either equal to, or contains v5, it is not thod to an 


der 32 I annex 3, the firſt Figure of the ſecond Period, and there reſults: - _ =o 8 | 


F 1 5 ; N 9 N * 4 * ” 8 . \ a e bl Re K - & 2 $ 2 _ l 3 1 
« : 1 r - ; , 5 8 +4 c 1 in, . 1 4 ' 4 

1 * 24 — * 1 , ” 4 9 of ” 2 8 

# 7 * * 4 - . 7 6 4 - * 7 
% 4 * 446; o - : 4 « : 1 
2 3 - * A 1 y 4 x 5 N 2 2 
n 4 * 1 * 
1 r - 4 * * : 


> . 6 9 \ * 8 1 1 p 4 4 7 8 EF: 5 vs | ph > 1 = 
5 4 X « * A 4 G * 3 : 4 x . 7 5 2 * 2 & E 4 * . q 
. * 0 7 ; . 1% & . ö 4 - , # * z «1 6 $36 5 5 * 4 9 A 

2 . 7 > 4 N - : l 4 WW ; g 2 3 4. 7 _ 

a f a # D 1 3 ; : * FI 1 7 —A 
% * . F * , 5 0 os k 4 5 3 

> * 4 "of: 

N 8 8 7 0 by. 


ſame Manner, proceeding from the Units Place: towards the right Hand, trading che 1 
whereby it is eaſy to perceive, that the Number will be divided into ſo wotsef nun 


many Periods as there are Figures in the Root required. Then. inquire fem dg 


required, which call u, and ſubtract u“ from this firſt Period. Lo find _ 
the ſecond Figure 2 of the Root to the Remainder annex the firſt Figure © 
of the Binomial 2 ＋ E raiſed to the Power m, whence if m „ 
be divided by m u” , and after the Diviſion is performed, if what re:. 
5 wm 1 3 m 3553 8 — 36 2, — 2 „ee M — 454. wry * | '* | 
STIR” eee r een, 1 
the Quotient will be the ſecond Figure of the Root. The third Figure 


will be found by Means of the two firſt, as the ſecond was found by the 


the ſame Manner from the three firſt. : ED 
„55 „„ 1 | | TH | „ 
Let the fifth Root of 6436343 be required, I firſf point it 64,363 43, Appliestios 


equal to it, ſince no Root raiſed to the fifth Power will give 64; conſe 
quently it contains it, but the greateſt fifth Power in 64 is 32, whoſe fifths 
Root is 2; wherefore 2= . F ſubtra& 32 from 64, and to the Remain-- 


example. 
* 
* 
0 
* 


23, now u*=16, and 5 u* = 80; I therefore divide 323 by 80, and te 4b 
uotient is 4, leaving a Remainder 3, which annexed to the remaining 
Figures in the propoſed Number, there reſults 36343, which ſhould not zh 


5280 Thouſands, 10 u* 23 to 2560 Hundreds, which added to the r280% _ ; 75 | 
Thouſands already found, makes 15360 Hundreds, and as this Number ex-+: „ 
ceeds 363 Hundreds that remain in the propoſed Power, the ſecond Part of _ 


Root be 3, then 3 „ 80 = 240, and 323 — 240 = 83, wherelore 
there will remain 836343 which ſhould not exceed 10 u7'2* 10 u* 2 
+ 5 u 2* + 25; now 10 132 = 720 Thouſands, and 10 u* z3 =1080- - 


Hundreds, which added to 720. Thouſands, makes 8280 Hundreds, and 


+ » , 


5 uZ* = 810 Tens, which added to 8280 Hundreds, makes 83610 Tens; 


* 7 


fore 3 is the ſecond Figure of the Rogt required. 


* 


* * . * 1 4 - Fe 7 4 
« S> © : ; 0 Ws Th 
725 Ks 
- : 3 : *. 
® . » Be 1 
— 3 ! 
15 1 
£2 "> 4 
4 „ 
Woes” 
* x 
«£0 
Y Of, 


82 ö 2 = * 2 
13 R a CI ö R * y de d * TN > _ 
3 Lai as 33A; TRI 2 % DOE Pr TEN N * 2 8 n IF ITY 9 . o * Se — TI = c 
I r 7 N * TM N n n r * * F F aL x : 1 + "> bo 1, Gopal OE 
* 4 SHY . ; N 3 - 2 : op 7 Si * * „ x SN 
22 * 1 FAY * 7 . 4 

; * 1 . 

7 * # 1:5 & 

. ' 


136 ELEMENTS or: it = | 
915 125 „ PE, „ e een, lorry ee img ; 
wy io 3 to the u Root of any Number , let 1 denote the 
+ neareſt leſs Root in e e e + 5" es Rost: Then wilt 


. by . * We ee | * e —— r * =3 * 


| NN. * | . — 82 FOR vow | | 
" | 4 : — * d 7 2 . * — "4 
{ ? : F : 1 8 f 8 x 


2 (Lp * 8 a 4 5 ' a . IF f 
4 4 Y L 4% & 5 : > £ 55 A * a ; N * 4 7 = 
WE | * * , 8 * e : ; ; * "10 
= 13 IIS 6 . 
: 


8 me l 5 ne e — 02 ly. 6 
 thod of ap. (putting N — r* = mJ. Multiplying this Equation 5 by og 4 0 there 


- proximating „ ; 
7 2" this roots will reſult, 


2 FVV 
e ) ( 00) 


=Y 1. 3 f No. 3 ＋ 8 — 2 on = | 24, &c.=0 


2 4 
in which the third Term will be deſtroyed by determining 4 by Means of 
the Equation — — ＋AS= o; from which Equation A i is 


found = — 2 — . —, and by fubNitutig thisValue above, we have 
0 1 1 0 e . 2 —.— . 
1 bn W 
. AI. . 2 2 TY 22. N 5 
e e e e io ena ee O 
the Terms 5, which Series decteaſes.very 7 8 negleQing, therefore, all 
| | the & after the ſecond as exceeding” ſmall, it will | be reduced to 
= | : , „ 0 Ju 13 E * 6 ＋ . 1 11 | = =O, whence «= FR rm — N by : 
=... 8 | 1 n+ = . 
. e obtain a more. approximate Value f 2. it bs ffficient to Dy Hy: | 


= 


"of 2" 
— 20 eu 4 + mw, 


_ e GE r a + (+: EIN 2+ 5 1 | | 
EE "rl ©. 


== ry 7, EASE 


1 oy Woh 8, 
93 7285 Z | 3 += 7% of 1s > 


In 


\ 


2 


sPECTOuSG ARITHMETICE. 


* which Equation the third and foutth Terms will be deftroped,.by 
cobra: A 5 5 B by. Means, of the e 8 


2-1 n—2 1 
* +4 7 —— , =, 4 37 Pp" es 


Let the latter of thoſe Equations be multiplied by Ar „ and then 
add oh we rh together, ſo ſhall | 


9 b.. 2 ag. OM 90 3 
| 155 e Inq p—_— 7 (6 
1 5 e 
"whence is deduced — — — —.— en 
* li 1 


'To role this Value of — 4 more ſimple, I obſerve, that if two 


; Quantities be decreaſed by two other ſmall Quantities nearly i in the ſame 


Ratio with the two firſt, that their Difference will {till be in the ſame Ra- 
tio with the two firſt Quantities very near; wherefore, ſeeing the Nu-- 
merator of this Fraction is in Proportion to the Denominator nearly ag> 


„ e e 1 „„ N 
N « I, Or as Xs 222 pp 7+ 8 
let — * x 5 3 — be therefore taken from the Name 
mn and 2 5 7 from the Denominator 3 1 this Means the 
Wola Itſelf will be reduced 2 

1 ＋ 75 n + Y 
or to — . 
ee, TEES EE, 5 . — ob: rat A 
yn 1 
we wilt have 2 . 7 : by 7 12 2— 1 an Approximation 0 of ry 


third Degree. 

If more Terms of the Series 1 + 42 4 K Cat. c. are . 
the Root will be found exaQter in Proportion; for Example, if four Terms 
of this Series were employed, there would reſult for an Nc of 


4 


the fourth Degree — 4 23 


and 2 2 —— — 


* 1 batt. 4 b * 2 n n 
* # 8 " 4 I's . 2 8 5 n {<= > Ages wi © odd I Pages Fr 7 r — * 
e e e er rx NG ASI br 5 *. * 
— » N * * W * A * 
" 7 ” — * "I TOY * e 8 * rn A 5 : 
a ä * . 2 py wo 4 N 9 bo. EY * — 
5 ö 2 


But both thoſe E croton, 7 in Caſes ; where pix a proper nes ville 
better Poe”. to Pace oy: raking JY= * 2 2 =, and 5 


| os — for þ its Equal whence I proper | ReduBons 


S +1 72 (2 3 
l © * got gang Pearly; ore 1 eee e e 
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Application To ſhew the Ve and great ExaQtneſs of thoſe Approximiations by an 


og =o Sits bs let the n x3 = 5 be n then ave 1 5 we 


oximati- 32 OE Nee as 
ON by the e firſt ee WORE 37 PL 2 ETD 6 
By the ſecond we have es = 2 x 22. , hence by the ſe- 


e en = 5684 FAS Le) 4208: 
cond Approximation x = 8 — — * "—@>+ io 8 


3032 

P 5 

= 7,93700527 near. And by the third x = 8 — IX 1 +1 3 
='8 — £22. 7370032599. 5 


89 N 
When a near Value of 2 is N then adding i it to , Tubſlitute 
the Aggregate in the Place of N in the Formulas, and you will by a new 
Operation obtain a more correct Value of the Root required; and by 
thus proceeding yr Re arrive at any Degree of Exactneſs. 
XXIX 


ve ef the To ſhew the Uſe of the foregoing Rules in the Solution of Problems, 


foregoing here foltow ſome Examples. 


ron | uppoſe that out of a Caſk holding c Gallons of Wine a full, a cer- S 
problems. fain Quantity x was drawn and the : Caſe filled up with Water, and that 


Firſt exam- he ſame Dvanti the Mixture was a Wee drawn, and ſupplieu 
wo by þ ater T Net \ Soc and then it Foe that beſides Hale there - 
. ©  avere but r Gallons of Wine left in the Caſe : How much Wine Was 

_ drawn out each Time 2 | 
* expreſſes the Quantity of Wine left afrer the firſt Drawings, 
EYE - LR 


but e: 0 —* *: 1— the Quantity of Wine drawn out at 
Pn Drawing, and — «„ — — — — — the 


Quantity of Wige left after the third Drawing : : | 
Alſo c. 2 2 = * 3 — — the Quantity of Wine daun I 


Wer 7 157-4 be 


out at che fourth Dai, and =, C 


r 


* 


SPECIOUS ARITHMETICK. „„ ,. Mm 


equal the Quantity of Wine bly. after the fourth Drawing then 3 

——_— | 2 

„: — — Lt © py &: : —— —— — equal the Quantity of Wine drawn _ 

—_ 1. (oag)t 

out at the F Drawing, and —— 18 8 —— 1 E — = 2 „„ 5 4 
the Quantity of Wine left after the . Drawing. Now LG = 7 "2708 

329 FR FH 5 

S the Queſtion, or (c—x)t=rt ! and e—xret” J "ds cr 1 Sr. bo 

To apply this general Solution to an Example, let the Contents of the 255 1 

Cal be 81 Gallons, the Wine remaining 16 Gallons, the Number of _ _ 

Ti imes Liquor was drawn out 4, then x = 88 — 8503056=27 Gallons. "440 
OED 11 


1 Gntary the Number of Men IS doubled, what u be the Second er- 


| annual Increaſe? | ___ ample. 


Let the primitive Member of ig be expreſſed by 8 and let their 
Nambe be increaſed annually. by their Part. 
Their Number at the End of the "firſt Year will be expreſſed by 
n+=, at the End of the ſecond Year by —.— +: LIAN > 


or by (= Fe n; at the End of the third Year by )* 13 and : . | 1 
by 1 n at t the End of the root Year, Now by the dux. eq 1. : 9 
. a | , 2 : . PE 1 f 

100 i wy | | ; | 10 8 BT 

"7 EE If - 10070240 ' = — .. 

Wbence 2 ö wherefore x. = ———= 144 

nearly, which — that the Number of Men ſhould be andually increaſed | 

- by their N Part, in order that every Century their Number ſhould be. | 
1 

doubled: It is ee no an farprmng: "oy the. Wark thould bare been 15 I 
peopled wp: one Fair. n s 6 * Din „ tin ters”; i 1 
After the. Annalyſ had: found. * Wee mene. for the PID 155 3 J 
of Binomials, they ſoon perceived that it be extended to other 99 
Power — 2 . \Expongnts : are e whole a polite 9 „ 
5 . a N ee 1 


having) found, for Hoon ole; that 2 7 hep fabſtirated fr 5 i 3 5 1 
conchided, without Doubt, that to extract the Root n of an PO > oe 


a _ . PP ® 'b 
—_ 12 
£7 * j 


8 P PPP ² ˙ A ub re ONE IT CE EE IS = | 
— N mn d * F ds Deng 2 — n r pe W * „ 
oy en — - 2 * . „4 „% — — — He en CA Is ys A —— - — 2 | . | 1 a 8 
3 * 1 hn be 8 * * * Pee W 8 / n. G ä _ , * . . ** — _ . 0 —— — 0 : 
OTE. VS 
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| raiſed to the-ſame Power n, there will reſul 


5 ELEMENTS or PR 


1 1 : 
z 1 1 * N Egon SST] Br 1 
uf + — PEO. 7 — „ * e. = (T, , 
or the Root n of u + #. 5 | 5 
In like Manner, that a „ or (u+2) 1 21. "nu" 


3-9 e 2 ** — &c. In one Word the Order and 
Generaliry that the Analyſts always found in-the analitick Operations, exfily 


| Quad Wh by u =; Sz it ſufficed o el 1 5 in the 
5 Wa 6 lay or what amounted to the ſame thing ag 


PR. 


ſuggeſted to them, that though the foregoing Formula had been inveſti- 


however that it might be applied to all the other Values 9 

Let it firſt be propoſed to ſhew that the Formula in Queſtion ſerves to 
raiſe a Quantity to a Power whoſe Exponent is a FraQtion, or what 
amounts to the ſame ayes, let it be propoſed to * 8 


35 5 4 * 
| FEE 
c „N 2 13 | ag „ +, c 
* 5 | : 45 Wc if i 
which by ae the two Members by u and putting = e 
7 | MES %ꝶU !! i TL LINE, 5 


ends, V ws 2 


(149) eee 11 . 4e. 


To prove this Equation it ſuffices: to ſhew- that its two' Members; being 


* | 5 


2 


Means of the general Formula ( A Whence | 


. 555 n. „ A 5 CA 


=rbu+ =), * ee 74 a8 | 1=2) (n=3) ec 


3X4 
we muſt find by 


X 3 
The Problem bs y reduces to prof thi Bae wi 


0 gated only in the Suppofition that M was a whole and poſitive Number, 


. that! is, Putting | 
1 + = CT + XS es ans 


I Jr = (1 + 5" 
5 bers lar are two whole Numbert, the Members of the forego- 
ing Equation may be raiſed to the Powers indicated by their Exponents, by - 


5 thoſe of 1 57, 54, &c. and then multiply the Var 


me of 7 by u, that of by 


ing en 1 ſet aun under 0 one 3 there reſulis 


u. u- 1 „ „ 8 1 
T 1e 7 ee N 


reſults, Kur-. —— . PEELED + — 14 +, &c., The OR 


| which is preciſely the foregoing Equation. Wherefore tlie general Theo- übe 


| lution. 


$=D is reduced to; r HP 


—7 2 77 &; > . Huh Een 1 
chr N e N Fo bs "TXT I f mf TM Fs 'Y 
7 | 5 7 1 147 | | 1 

It is de tat t infead of the , * + we may ſet 


SPECIOUS ARITHMETICE. „„ „ 


— 2222 3 that of 28 by. alas) Fry 
that of 4 by r e (2723) „ &c. to obtain the Values of all the N 


3X4 
Terms of the 504 Niember of the for is Equation, thoſe n be- 


— 


ß 8 pl r 


n.n— * 


5 Mtn | 2 I ; — — 


LEPTIN „.n— 1. A—2 . 373 . 
VV TR 2X3 3 nd 


2 K 203 # 


n. 1-1. — 2. 3 2 „„ i 2 —2.2—2.2—3 14 4 e. "2 
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which after the Reduction there only remains * 3% 2-45 + 1 36, 
this Remainder of the fourth Term is deſtroyed in like Manner hy the fifth 


Term, and continuing the Reduction further on, it will appear that the 
Whole vaniſhes except 1 + , which is the Root require. 


of the fore- 


to be extracted, it is plain that the Root of any Quantity may be found by going fm 


the foregoing Formula, by putting*m = For 4 or 5, Kc. according as it Je fer find- 


is the ſquare Root, cube Root, or the Root of the fourth Power, &c. 3 
that is required; and if the propoſed Quantity is an exad Square, or an powers of 


exact Cube, &c. the Series will ſtop of itſelf, the Numerator of one of compound 


the Terms, in this Caſe vaniſhing; if not, it may be carried on to any quantities. 
Number of Terms, as will appear by the following Examples. | 
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Loet it be propoſed to extract the ſquare Root of 1 ＋ 2 6 + 6, put- 
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Though it bo . to carry on this Series to an infinite Number of 
Terms, in order that it may expreſs exactly the Root required, however, 
as this Series will converge ſooner, the greater @ is in Reſpe& of 5, by : 
taking a Number of its Terms we ſhall ee to the Wer ta "wy 
aſſigned Degree of SO. 
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ubtraction, Multiplication, and Diviſion ; thoſe Operations being equally I 
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let. it be ms: to find a multinomial, which d the - propo 
Domial being multiplied, the firſt Term of A Product, ſhall be 4 and 
all the other Terun except the laſt, ſhall deſtroy each tber. e 
Let a by + as b be any two Terms of this Multinomial gene 
fress ling each other, and let them be multiplied by the propoſed Binomia 

brettge. ide Product thence ariſing will be of 27 +g* UH fa % han , and 


tion of the 


Surd Which the firſt Term of the Product ſhould be 4, M Ex e | 


multiplied andy = o, wherefore the firſt Term of the Multiplicator f {= ac: WOE 
into a pro- To find the ſecond. Term, I ſubſtitute this firſt Term in the affunied Pro- 


poſed Surd 


gives a ra- duct, whence there reſults 4%: FA H + amal u ＋ a Hi but + an- 


5 2 Pro- ale 4 o. Conſequently. the ſecond Term of the Multiplicator 


. hould be negative, and becauſe 1 m = m+ z & I u, Conſequerily 

7s  Z=n—2mand2/=u+1, this ſecond Term will be — a*—2" GI. 
Jo find the third Term of the Mulylicator, I fubftitute this ſeeond Term 

in the aſſumed Product, and there reſults a* — ant El. + a f grim g2l, 

Let now the laſt Term of this Product, be put equal to the firſt Term of 

the gſſumed Product, becauſe thoſe 1 ſhould deſtroy each other. 
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un z n and y 2 I and + y = 31, Conſequently the third, Term of the 
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of the Multiplicator into the laſt Term of the propoſed N n 
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Equation the unknown Quantity enters the Exponent. OST FOTO N 1 
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this Progreſſion, there be inſerted a Number of Terms , it is eaſy e e ET. 


perceive that they will be expreſſed by the Powers of þ with fraQtional Ex- when thy 
pougnts; and that there will reſult a new Progreſſion, the Multiplicator being unknown 


uantity 


2 25 7x7 and that a+ 15 may be conceived ſo great and conſequently. the Pro- the 
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8 may be conceived to increaſe ſo ſlowly, that all the Numbers from 
p to o, and from 1 to o, will be found 1 p-being e ng be an 
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Now, 
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7, 8, g, and between 10 and 100, there are 89 whole Numbers, viz. 


tween 1 & 10, there are eight whole Numbers, 2, 3, 4, 5, 6, f 
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11, 12 &c. but if between each of the Terms of this Progreſſion, there 


be inſerted a Number of Terms n, there will reſult a new Progreſſion, the 


common Multiplicator being 10 "+* among whoſe Terms thoſe - interme- 


diate Numbers will be found. _ J "EET; 
Jo find the Term of this Progreſſion for Example, which is equal to 3, 
I proceed thus, the Number 3 required being one of the Terms of a geo- 


metrical Progreſſion, of which 1 & 10 are the Extreames; I inveſtigate 


the middle Term of this Progreſſion ; now, this Term being equally 


diſtant from the Extreams 1 and 10, thoſe three Terms the firſt 1 the 


middle Term and the laſt Term 10 will be in cantinued Proportion, ſo that 
the middle Term will be equal to VI Xx 10 or 10-5, which I find to be 


3, 16227766. The Number 3, 16227766 being greater than 3, I inveſti- 
gate a new Term that will be the Mean of a continued geometrical Propor- 
tion, having for Extreams 1 & 3, 16227766, which will be 1&3, 16227766 
or 10, = 1,7827941. As the Number 3 is greater than 1, 77827941, or 
10, as and leſs than 3, 16227766 or 1055, I inveſtigate a new Term, a mean 
proportional beween 1,782 7941, and 3, 16227766, which will be the ſquare 
Root of 10, X 10,5 that is of 3, 16227766 X 1, 77827941, or of 


5,2341 325 14809806, which is 100375 or 2, 37137370. As the Number 


3 is greater than the new Term, 2, 371373 70 and leſs than 3, 1622766, I 
inveſtigate a mean Proportional between thoſe two Terms by extracting the 
ſquare Root of 10,375 X 10,5 that is of 2, 371373 70 Xx 3, 16227766 which 
is 2,738 41962. As the Number 3 is greater than the new Term 2, 73841962 


and leſs than 3, 16227766, I find a mean Proportional between thoſe two 


Terms by exracting the ſquare Root of 1094375 X 1095 that is of 2, 3841962 


N 3, 16227766 or of 8, 659643 1880316892 which will be 10,5975 or 
2.94272717. The Number 3 being ſtill greater than the laſt Term 


2,9427271 ) and leſs than the firſt 3, 16227766, I inveſtigate a mean Pro- 
portional between theſe two Terms, by extracting the ſquare Root of 


10,4687 X 105, or of 9,3057 2038916, which will be 105484375, or 
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Proceeding in this Manner to inveſtigate new Mean proportionals between 


two Terms, one greater and the other leſs than 3, after having performed 
26 of thoſe Operations, I find 10477193125 = 3, oooooooo, which does not 


| differ from 3 by a decimal Unit of the eighth Order, theſe 26 mean Pro- 


. are ſet down in the following Table, each of them being placed 
between the Extreams, and to indicate the Order of the | 


Operations, the 


two firſt Extreams are marked by the Letters 4 and B, and the mean Term 


placed between them by C, the other Means are denoted by the following 


— 


.. 


an 


E 


— 


9 


8 


Af 3 387388888553 8.8 


srrerous ARITHMETICK. 


0 25 o 2 N 2 


| DEE 
RE of 


* 


$ 1 


; 7; 07>" XLVII. N ; 

; 100,00000000 = 1,00000000 | | P. engt, = = . g 
' 10959000000 3, 16227766 8. eee ee 
101, ooοοοοðn 10, oo 10%77 59 = 2299931334 

166588888 1, 00000000 16% z = 2, 999934901 

| 109-25990000 =. 1,7827941] R | 10941114333 = 3,0001457 

| 10959990999, — 3,16227766 T.P | 109477 17285 = ,00035655 
"10923000000 = 177827941 | R | 109547714233 = 3,00014572 
k 10937590000 =2" £,37137370. fy S 10947719708 = 3,0000403 1 | 
| 109 50000000. — 3.16227766 : 4. 109476111 2 — 2.922234 : 

2 | | . 031 
106537 58 = 2, 35137370] S. 10771770 3, 0004031 
10,4375 — 2.73841962 T. Ta = = 2, 9999878 
109,59000000 = 321822275 ||, 222427 

10%, 34 % 2, 73841962 7 | 10941711945 = 2,9999875 1 

10, 4687 ‚ = 2,904272717 [4 T 10% 346 = 3,0000 1390 

1 ' 109450000000 — 3,1622776 WM." ' 109247712708 = 3,0000403r 80 
100, 4687 50 = 2, 94272717 4 [T 109247712326 = 3 0000 1 390 
10948437500 = 43,05052789 |} X | 109#77*!35 = 3,00000070 

| 10950000000 = 3,16227766 || _T___| 1047711945 = 2.9999B751 
766546475 = 3,6505279 4 Þ 10947712135 3, 0000070 
10947656259 = 2, 99614286 [ L | 10941173949 = 2, 999994 10 

| 10946875000 ="2,04272717 1 1 10047711945 = 2,9999875r 

T1 00947656250 = 2,99014286 || T7 | 10947712049 = 2,99999410- 

100,4804687; = 3,02321308 || Z | 1094172288 = 2 .09097739 

| 109348437500 = -3,05052789 || X__1 10947772135 '= 3400000070 _ 

To548046875 3,2321308 2 166,757 — 2, 999997309 

| 10947851563 — 23, 00964753 [4 4 109/477 12112 2, 9ggggos 
00, 47656430 = 2,99614286 [. | 10941718135 00D 
10047851563 3, 00964753 [4 A T 100411111 = 2,99999908 | 
| 10947753996 = . 3,00288762 || B B | 10941713123. 2599999989 
109447656250 = 2,99612286 4 Og | 109:477 12135 2 .3,00000070 
1 109,47753906 = 3, 00288752 [FI | 10041113143 = 8 ey: 
NV | 1094705018 = 2, 9995 1334 CC | 10947719149 = 3, 000 
| I. $4 100%, 7666260 2222514286 X 11094119135 = =_3,20000070 | 
| 10047705078 = 2,99951334 | Tc | Tf = 3, 00000029 
100, 294% 3,00 20 DDO 0 = 3,00000009 - 
M | 109447153906 = 3,00288762 1B B- { 10947712123 = 2 — 

| 100,4772949% 3, 607 20000 D D | 10941714126 = 3,60000009 
10% ts = ˙23,00035655 [E E'| 1099712125 ='3,60000000' 
Wen 2599951334 BB eee 20 530 


7 0 N Y * 


SPECIOUS ARITHMETTICK. 
By the ſame Method of Proceeding, the 'Terms correſponding to the 
other intermediate Numbers will be found, by inveſtigating mean Propor- A 
tionals between 1 and to, for the Numbers leſs than 10.; between 10 & 
100, for the Numbers leſs than 100, but greater than 10 ; between 100 
& 1000, for the Numbers leſs than 1000 and greater than 100, &. 
8 XLVIIII. | 
Whats Whence if p be given, and if p b, we can find the Value of x ſuch 
meant by that = this Value of x is called the Logarithm of &, and the Baſe 
"the Loys- of the Logarithm. . | V 
Number. There are therefore as many different Syſtems of Logarifhms, as there 
& are different Numbers p which may be aſſumed for the Baſe, but in two 
Syſtems the Logarithms of the fame Number are always in a conſtant 
__ Ratio. Let the Baſe of one Syſtem = p, and of the other = q, and the 
of Nu * the Number 5 in the firſt Syſtem x, & in the ſecond , 
of one Syl- - ; | . „ 1 
Aeg nen then Pe 5 and gy = h, wherefore px = 97 conſequently p = 5 whence 
3 ane the. Fradtion * is always the ſame whatever Number is aſſumed for 6. 
| Whence if one Syſtem of Logarithms of all Numbers were computed, the 
* iLogarithms of any other Syſtem may be found by the Rule of Three, 
Thus if the Logarithms correſponding.to the Baſe 10, were calculated, the 
-Logarithms correſponding to any other Baſe for Example 3 may be found. 
Let the Logarithm y of the Numher b correſponding to the Baſe 3 be re- 
quired, the Logarithm x of the ſame Number 5 correſponding to the Baſe 
.Io being given. Since Log. 3, correſponding to the Baſe 10 = 0,47712125 
and Log. 3, correſponding to Baſe 3 = I. , 47712125 I=x , where- 
Ws ? x N * 2 , a 13 ; - 0 0 | 
fore e en 2,095933 *, if ene the anne 
correſponding to the Baſe 10, be multiplied by 2, 95933, there will reſult 
the Logarithms correſponding to the Baſe 3. © ESE OLE OB 
| | N | XLIX. | 52 85 5 
Jn eveiy In every Syſtem of Logarithms, Log. 1 o, for if in the Equation 
Syſtem the f = þ, we put I, then x — 0. | . 3 | 
of Vain. The Logarithms of Numbers greater than Unity, are poſitive, thus, 
Log. p=1; Log. f=2; Log. ps = 3, &c. But the Logarithms of 


is o. 
Numbers leſs than Unity, but poſitive, are negative, for Lag. ——=—1; 


The Lo- 


garithms of Log. 2. Log, —= — &c. and the Logarithms of negative Ke? 
dezare Þ* . 2 "i T Fs 


Numbers Numbers are imaginary.” = - r 
„ In like Manner if Lag. þ = x, then Log. p* = 2x Log. $3 = 3x and in ge- 
-neral Log. P. = nx or Log. P = n Log. p, on Account of x = Log. 5. 


whence N 5 is a permanent Quantity. 


the Exponent of the Power of p, which is equal y' be expreſled by x 
the Exponent of the Power of þ which is equal “ will be cx 
* + 24x, becauſe the — of the Terms o this 


— 


T multiply this Value of 4 — by x, and conſequently there willariſe * „ 


N (2 — e Terms I di- 
vide ſeverally by their Number of Dimenſions, and | 


 $PECIOUS ARITHMETICK. ug |} 
whence the Logarithm of any Power of þ is equal to the Logarithm of þ The * | 


1 by the Exponent of the Power; thus Log. / p + x =+ Log. p, — 


Log. las. Les pz and ſoon. But if Log. a=. Regel- 


ual to 
and Log. b = x: becauſea= , and 6 = , then Log. a b = y + 0 whence the vena 
the Logarithm of the Product of two Numbers, is equal to the Sum of rithmsof the 
the Gong of the Factors. In like Manner it will appear that factors, and 


the loga- 

Zeg· ＋ = y = =Log.a— Log. b, hence the Logarithm of a FraQion 3 
is equal to the Logarithen of the Numerator leſs the Logarithm of the err vel 
Denominator. - ; — 


Whence from the Equation p = =— | Is 42 „ 6.1= 00:9 


| Leg. 5 
it thang indifferent what Syſtem of neee is employed (Art. XLvIn). 


The Reſolution therefore of Exponent Equations, or of thoſe in which 
the unknown Quantity enters the Exponent, is reduced to the Inveſtigation 


of a general Formula for finding the Logarithm of any given Number. 


Let y, , y expreſs any three Terms of the Progreſſion of Art. XL vi. Tnveſtige- 


immediately ſucceeding each other; we will have y: = : or venir 


wy . = Fs Conſequently y — 57 1 * = = S 4x — . y, of {puttin mals for 
J—y=dy andy —y': = dy ) dy: y =dy 1.5 wherefore g. 


dy . 


Let the Exponent of the Power of p Stiche equal 7 be expreſſed 6” ER . 


E is the vue 
of the Ratio of the cotemporary Increments of * N ber y and of its 


| Logarithm . 


To find the Ratio of the Quantities y and rol that of their 1 


ments, 1 put) = 1 +=, and there reſults dy S dt and 2 n 
M O_o — 
EN * 1 lll: - eee 2%. 


W 
30 


e 


# 


152 SPECIOUS ARITHME TI CK. 
| By the ſame Method of Proceeding, the Terms correſponding to the 
other intermediate Numbers will be found, by inveſtigating mean Propor- \ 
tionals between 1 and x, for the Numbers leſs than 10.; between 10 & 
100, for the Numbers leſs than 100, but greater than 10 ; between 100 
& 1000, for the Numbers leſs than 1000 and greater than 100, &. 
| 5 XLVIII. | 
8 Whence if þ be given, and if p b, we can find the Value of x ſuch 
meant by that p = be this Value of is called the Logarithm of &, and the Baſe 
the Loga- of the Logaritbhm. DE 5 5 
ne 5 There are therefore as many different Syſtems of Logariſhms, as there 
5 are different Numbers p which may be aſſumed for the Baſe, but in two 
Syſtems the Logarithms of the ſame Number are always in a conſtant 
How the. Ratio. Let the Baſe of one Syſtem = p, and of the other = g, and the 
Togarithms "Logarithm-of the Number 6 in the firſt 5 nem ==x, & in the ſecond , 


of Numbers 

of one Syl- - - | | = | | | * ; 
rem gre de- then p#= 5 and gy = 3, wherefore fx y conſequently p = 4 35 whence 
<duced from | | TR | 1 | 
<thoſeof ano- the Fradion is always the ſame whatever Number is aſſumed for b. 


Whence if one Syſtem of Logarithms of all Numbers were computed, the 
% Logarithms of any other Syſtem may be found by the Rule of Three, 
| Thus if the Logarithms correſponding.to the Baſe 10, were calculated, the 
Logarithms correſponding to any other Baſe for Example 3 may be found. _ 
Let the Logarithm y of the Numher 5 correſponding to the Baſe 3 be re- 
quired, the Logarithm æ of the ſame Number 5 correſponding to the Baſe 
10 being given. Since Log. 3, correſponding to the Baſe 10 = 0,47712125 
and Log. 3, correſponding to Baſe 3 = 1. 0,47712125 : 1=wx : , where- 
fore r 2, 95933 . if therefore all the nnn | 
correſponding to the Baſe 10, be multiplied by 2,095933, there will reſult 
the Logarithms correſponding to the Baſe 3. „5 bo | 
| ELIT... | „„ 
In every In every Syſtem of Logarithms, Log. 1 So, for if in the Equation 
Syſtem the 4x = þ, we put 5 1, then & =o. Fo. 3 
e The Logarithms of Numbers greater than Unity, are poſitive, thus, 
nity - 8 * | 5 | 3 "BY 
Log. p=1; Log. f*= 2; Log. $3 = 3, &c.. But the Logarithms of 


is o. 
Numbers leſs than Unity, but poſitive, are negative, for Log. > - 5 x 


The Lo- | 


Sarithmsof Log. = 2, Log. = = 3, &c. and the Logarithms of negative 

negativ | | ; is | : "A 5 By 
Naber Numbers are imaginary. VU d ng rp ng oe. . 
ee In like Manner if Log. p = x, then Log. p* = 2x Log. $3 = 3x and in ge- 0 


,  neral Log. F. S nx or Log. P. = n Log. P. on Account of x = Log: 5. 


* = 22 2d and y" —y TS ) dy: FM = dy: 7 wherefore — = > logarithme? ., # | 


4 x + 24 x, becauſe the Exponents of the Terms of this Progreſſion increa 


— 


the Exponent of the Power of p, which is equal y be expreſſed by x + d wg” 


Quantity, 4x = ——, or _— = * conſequently 


1 multiply this Value of = — by 2, and Se there willariſe- * 290 1 = 175 i 


M(z— 2 H WL FT which Terms I di- it 
_ vide ſeverally by their Number of Dimenſions, and the . . . 


SPECIOUS ARITHMETICK. 153 
whence the Logarithm of any Power of þ is equal to the Logarithm of þ They. 
MPa by the Exponent of the Power; thus Log. / þ= + x = + Log. p, 8 
Log. * = Log. P = - Log. p; and ſo on. But if Log. a =y. . 

the Sum of 


and Log. b = x: becauſea= fy, and 5 = , then Log. a b = y + x, whence the loga- 


the Logarithm of the Product of two Numbers, is equal to the Sum of rithmsof the 


the NR of the Factors. In like Manner it will appear that 1 _ 


Log. + — =y —x =Log.a— Log. ö, hence the Logarithm of a FraQtion 79" of 


their quo- 


is gi to the Logarithm of the Numerator leſs the Logarithm of the heirate 


Denominator. - - rence. = 


Whence from the Equation D = =< is FIND x= Po = Log. 4 


| Log. þ 
it being indifferent what Sen of Logarithms 3 is employed (Art. xLv11). 


The Reſolution therefore of . Equations, or of thoſe in which 
the unknown Quantity enters the Exponent, is reduced to the Inveſtigation 
of a general Formula for finding the Logarithm of any given Number. 
Let y, y', h expreſs any three Terms of the Progreſſion | of Art. XLVI. Inveſtiga- 


tion of a 


4 immediately ſucceeding each other; 57 will have 5 2 =* r e 
; *: r . Conſequently y/ 7 5:5 2 5 — : , or {putting — the". 


4 . 6k 
. * JP 117 
* gy 4 
finding the 


whence 2 is a permanent Quantity. 


Let the Exponent of the Power of p. which b equal 71 expreſſed by 2 
the Exponent of the Power of p which is equal 3“ will be expreſſed 


by the ſame conſtant Difference d x, whence aſſuming M for a detert # 
SH 2 4; is the Value 
of the Ratio of the cotemporary Increments of ny Number y and of its | 


Logarithm x. 


To find the Nach of the Quantities 5 and from that of their 10055 


= = Mx( r + I N IE" 


= = 


Bp GE ot 4 


= - = © RLEMEN TS-OF. 


— EI GEIOES ras Gin 


. 4 4 


N C — 224 + . + ＋ 2 — ＋ 26 +, &). 
Iput = x, to which Equation no conſtant Quantity is to be added, be- 
cauſe when z = o it is reduced to o, as it really ſhould, for when z = 0 
y=1+z=1, whoſe Logarithm = o. And by this Equation is expreſſed 
the Ratio between & & y, ſince from this Equation we can return back to 

the propoſed "Equation. 2 | 

By this Formula, the Logarithm of any Number greater than Unity, 
baut leſs than 2 may be found; I ſay leſs than 2, for if 1 ＋ is equal 2, 
1 then the two Terms of the Denominator will be equal, and the Series will 
— 1 che be erroneous, and much more ſo when z exceeds 2, however, the foregoing 
foregoing Formula may ſerve for finding the Logarithm of any Number greater than 
method is Unity, by calculating the Logarithms of ſuch Numbers that are leſs than 2, 


4iable. ſu 
| F which multiplied into one_another, or divided by each other, produce the 
eee propoſed Number. 2 12 | ns 
change 4; 10 nee 
For Example, finding that —2 . 2 


3 110 8 | 
T calculate the foregoing Formula the Logarithm of 1, 2, putti 

* 2 , 2; . chen of o, 8 ſuppoſing Z= - o, 2, and the Le 

garithm of o, 9 by putting z=— o, I. I add together the Logarithms 

of o, 8 & o, 9, and deduct their Sum from the Double of the Logarithm 

„of rt, 2, and there reſults M X 0,693147180559, &c. for the Logarithm 

| of 2 required. : N 

I To determine the Value of M correſponding, for Example, to the 

Syſtem of Logarithms whoſe Baſe is 10, I firſt inveſtigate the Logarithm of 

| FP x0, finding that —— = =10, I triple the Logarithm already found, 
5 "and deduQ from it the Logarithm of o, 8, the Remainder will be 

MX 2, 302585092994, &c. is the Logarithm of 10; now the Lo- 


. — 22 
* N 

Ds 

IE 


garithm of 19 correſponding to the Baſe 10 is 1, and of Courſe we will have 


1 = Mx 2,302585092994, wherefore the Value of M correſponding to 
the Syſtem of Logarithms, whoſe Baſe is 10, will be o, 43429448, &c. 
"Ih LIL: | | f | 


3 The foregoing Method af finding the Logarithms of Numbers being not 
14 very * ſhall proceed to explain how the Analyſts have remedied 


Kading the this Tnconveniency. 


a 2 — T 5 Let the Sum of any 1 Numbers be expreſſed by 2, and their Diffe- 
5 rence by v, conſequently the greateſt will be 4 z + 2 v, and the leaſt 


2324 v. Now ler FEES = , and ſuppoſing # 


> 


$5: 
4 


a 
— 


- 
— 
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to the permanent Quantity, we will have d y = = 5 * 
| Wherefore the Equation. = = — will be transformed into 
| dxX(s —v)(s—v—dv) | MX (s — a d x 3 
2 g. 1 © | 8 S ＋ wv 5 8 
, an M : | . 2 E. | 
(s+v) X (E —v—dv) 9 Wherefore (SV) X (2 — T5. 


expreſſes the Ratio of any Commer Increments of x and v, and. this 


Ratio is always greater than * es 82 IF + but 4 0 decreaſing, ibis 


Quantity will alſo decreaſe, and as we may take dv as ſmall as we pleaſe, 
we may make - 2 I 7 — To) approach as near as we pleaſe 


2 . M 


wherefore Teo hy nine, is the Limit of 


3 
OTF» 32 2 — v) 
dq x 

the Ratio ——. 


To find the Ratio of the Quantities & and v, from the limiting Ratio of: 
2 S. N 5 M z | 


their cotemporary Increments N 5 GC © S 
| 4 5 
eee 2. 2 7 ae). 


? —— = 25 q 75 5 v, and conſequently there will ariſ :. th 


2 M (= + = 3 + —- "46. 2 + Ke), which Terms I divide ſe- 
verally by the Number of their Dimenſion, and I put the Reſult 6:2 
2M (= += + = e . &c) equl a, | 


to which e no conſtant Quantity is * be added, becauſe Sher * =0+- © 
it is reduced to o, as it really ſhould, for when v 0, the Fraction 


2 — is s reduced to <= = 1; whoſe "Enya: =06 


| Lit, | 
Whence if the Sum of two Numbers be peel by E, nd Anal 


ith | 
Difference by v, and if be put 4. 22 __ KA 2 ws 


A D, be. the Logarithm of the Quotient of the Saks died, FT 


2% 


by the leaſt will be expreſſed by 4 + —B+ e = D +, &: K . 25 


. AU + 
: 2. 
* SEL 2 
* * 54 ibs — e 
4 * 22 — 2 p78 
1 - . 
N — : : 4 * ” ; - 1 5 
r * % - 7 * 
* Fs Fe > 
a AC 3 
N » Ta | ; 
- +* | * * 
8 * # 
* 


A. f = 
2 < 5 
33 — 


* 


4 6 
3 
2 . — 
— . Dr * 2 At <0. fe 
———@©H_——Hc— a” 


* : 
Nen * , p 3 
1 1 ——— 
= r = 


+ wit. * : f 
v 8 2 8 4 8 " 4 
y * —— 2 5 > — eds. * 4 
EW wore U c * K 2 » 5 "wow af K 0. i. 4 1 * n T% 


166 ELEMENTS OF 
For Example, putting M = I, the 3 5 of the Gn. of 
126 divided by 125 may be found, the Logarithm g of the Quotient 
of 225 divided by 224, the Logarithm 1 of the Quotient of 2401 di- 
vided by 2400, and the Logarithm / of the Quotient of 4375 divided 


by 4374. 
But þ = Log. 126 — Log. 125 "FH 2. 3% 7 — Log. * : Log. 2 
+ 2 Log. 3 — 3 Log. 5 + Leg. 77 h 
g = Log. 225 — Log. 224 = Log. 34. 5? — Log. 25. 1=— 5 Log. o 
+2 Log. 3+ 2 Log. 5 — Log. 7. 
Log. 2401 — Log. 2400 = Log. om Log. 25. 3. 5 = —5 Log. 

— Log. 3— 2 Log. 5 + 4 Log: 7. | 

S= Log. 4375 — Log. 4374 = Log. 55.7 — Log. 2. 37 =— Log. 2. 
— 7 Log. 3 + 4 Log-5 ＋ Log. . 
Whence a þ = a Leg. 2 + 2a Log. 3 — 3a Log. 5 +a Log. 5. 

592-5 5 Leg. 24 26 Log. 3. + 26 Log. 5. — 6 Log. 7. 
cer 5 e Log. 2 —c Log. 3 — 2c Log. 5 + 4c Log. 7. 
af S Lag. 2 — 7 d Log. 3 + 4d Lag. 5 +d Log. 7. 
Let a, 6, e, d be ſuch, that ap + bg þ cr d= Log. 2 + Log. 5, 
whetice Ariſes the following Equations for determining t ofe Quantities, 

a —5b—5gc—d=1; 2a+2b—c—7d=0;— 3 a ＋25 — 206 

4 d=1; a—b+ 4c + d=0; which give a = 239, b= go, c=—63, 

= 103 wherefore 239 þp+90q—63r +103 /, or 2, 302585092924, 
= Log. 10, the fame as before, and the Value of M correſponding 

the Syſtem whoſe Baſe is 10, will be found to be 0,4342 29448 1903s ;, and 
ſubſtituting for A this Value, there will. reſult | 
M (202 p +769 - 537 +87 S 7 ; 
(167% ＋ 637 — 4 + 72ſ)=Log.s. 
= , - M114 } +434 —30r + 49% = Log. 3. 
1 1 11 (16 5 +639 —44r + 720 Log. 2. 

Having M, and the Logarithms of the prime Numbers 2, 3, 5, 7 below 
10, to obtain the Logarithms of the prime Numbers 11, 13, 17,..19.&c. 
Above 10, let A be any prime Number, I ſuppoſe that the Logarithm of all 
the prime Numbers that - A have been found, then 


* Log. 4= 2 | Log. —R Log: (A4) + Log. (44 7 


If the Logarithms of all the prime Numbers that precede A, are not. 
1 baby, let the Logarithm of any other Number B be given, your the | 


| 2 Logarithm of the FraQion A if 4 be greater than B, or of 2 if i it is 
£ . _ 1 ; This * * found, add 3 it, in the firſt Caſe, to the = Lo- 


| Ho "Ms 
« wy 


SPECIOUS ARITHMETICK. - 1 
garithra of, and there will reſult the Logarithm of -F *. 2787 of A, 

In the ſecond Caſe ,deduGR the Logarithm of the FraQtion =. * the 
given Logarithm of B, and there will reſult the Ln of 1 * 


* E54 on 3 

2 © | TL; — 2 A 
'To ſhew the Uſe of theſe Formulas by an ae let i it be be required to 2 1 7 85 | 

P Time 5751. will raiſe a Stock of 756 J. 13 4. 2d. & at —_— 

Fer ut . 
In this Caſe we have p =1, 04, a=575, and r=756, 66. Whence 


x = — 256 EL = 7 the Number of \ ears required. 
„ 


| The Logarithms correſponding: to the Baſe 10, beſides Fas Vrility which The log · 
they have in common with other Syſtems, are the beſt adapted to numeral | yr chens of _ 


Arithmetick. For ſince the Logarithms of all Numbers except of the correſpond- 
Powers of 10 are expreſſed in decimal Fractions, the Logarithms of Num-; ing to the 


bers between 1 and 10, will be contained within the Limits o and 1, the batt 33 
Logarithms of the Numbers between 10 & 100 wilt be contained within to numeral 
the Limits 1 and 2, and ſo on. Every Logarithm therefore is made up of wad why. i; 
an Integer and a decimal Fraction, the Integer is called the Characteriſtiecc 
and the decimal Fra&ion the Mantiſſa The CharaQteriftick conſiſts of as OS 
many Units leſs one as there are Places of Figures in the Number to which 


it correſponds, the CharaQeriſtick, for Example, of the Logarithm of the 


Number 78509 will be 4, becauſe i it conſiſts of five Figures. Whence, + 
from the Logatithm of any Number it is perceivable, how many Mac "- . "I 
Figures it conſiſts of : Thus the Number 0 10 rarithm 
anne will conſiſt of 8 Places of Figures. „ 

„ a 
If the Lagarithas differ only hy their CharaRteriſticks, t | ber to 


which they correſpond, will be to each other as a Power of 10 to 1, and 
conſequently. will be expreſſed by the ſame ſignifficative Figures, thus the 
Numbers correſponding to the Logatithms 4,9130187, and 6,9136018) 
will be 81850 & 8185000, . mber correſponding to the Logarithm 
3,9130187 will be 8185, andthe Number correiponding to the Logarithm 
-0,9130r87' will be 31850: The Mantiſſa therefore indicates the Figures by 
which the Number is expreſſed, and the Characteriſtick ſhews how many 
| Figures to the right Hand are to be ſepgrated by a Comma. Thus, if the Lo- 


» 9 9 5-4” 3 42 


perations. 
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garithm 2, 14005 was found, the. Mantiſſa indicates thoſe Figures 37 58945, 
and the CharaQeriſtick 2 determines the Number correſponding to this Lo-. 
garithm to be 575,8945. if the CharaQteriſtick was o, the Number corre- 
| ſponding would be 5, 758945, if the Characteriſtick was — 1, the Num- 
ber correſponding would be ten Times leſs, viz. 0,57589450, and if the 
CharaQteriſtick was — 2, the Number correſponding would be ten Times 
leſs, viz. 0,05758945, &c. in the Room of thoſe negative CharaQerifticks, 
21, — 2, — 3, &c. the Analyſts ſet down 9, 8, 7, &c. it * under- 
food that thoſe Logarithms are to be diminiſhed by 10. 
F err OY Cho | 

L's The Tables of Logarithms are of great Uſe for li with 4 
ungen, and Expedition the Operations in numeral Arithmetick, becauſe, by the 
performing help of thoſe Tables, not only the Logarithm of any given Number, but 

aumers] 0 alſo the Number correſponding to any given Logarithm may be found, 


A Debt for Example of a —_—_ 3 Years due, was acquitted Principal 
Firſt ex. and Intereſt, by paying. 11911. | bet the Rate ef "—_ allowed be 
9 * 

Here à2 10001. r= = 1197 rt 


. 9 Saas... , are given to find 5. 
cee we will ines 5 * — „ or Log. 55 = MESS 


= —3:9759179 = 320000000 765 22222 ns 0,0253059 Since 
W = 1 


: o, 0253059 is the Logarithm of e do „adding to it the Log... 


of dor of 100, the Sum 2, 0253059 is the Ah of d #, b but to this Lo- 
rithm correſponds the Number 106, en d ＋ i 1605 where 
re i , the rate of Intereſt required. | 
The Sum of 10001. was borrowed at 7% per Cent. per A, the Sum 
due at the End of three Years ſeven Months and 15 Days are required, | 


Fe Here @ = 1000, = 74, d= 100, „n; 


ple. e 4⁰ * 4 
4 = 420, =! Tears, conſequently r =, or Log. r i 


365 73; % be 25 | 
Leg. a + x Log p. = 3, 0090000 + 2 x 0,0314085 
= 3, 0000000 ＋ o, 1135869 = 3, 11059 to which Logari 
correſponds the Number 1298 TR which exprelſes the Sum due 
e = 8 


— 


—— —64 — 
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be 2 1 the Borrower and tte Leher that the Tatereft tho? 
not paid when it becomes que, is not to be added to the Principle, ſo that the 

Amount ſhall be converted into a new Principle for the ſucceeding Term ; 


the 1 7 _ at the Expiration of any limited 'Time will 'be expreſſed by In what 4 
cs 


compund in- 


2 ＋ Nee e e me Lender is foid to re- tereſt is fa= 


vourable to 


ceive ſimple Intereſt for the Loan of his Wan + the borrow- 


er, and in 


' Now comparing this Expreſſion a. (6 1+ —— ) of n Sum due, at what caſes 


diſadvan- 


the Expiration of a Number of Years f, computed (in the Language of tageous.- 


the Analyſts) at ſimple Intereſt, * with the former Expreſſion a ( == £75 ) 


of the Sum due at the Expiration of the ſame Number of wal com- 
puted at compound Intereſt, it will appear 10 that. if # is an er W 


han Uniy, (A=) > (1 +7) K ( . 0 = 

W 23 | 7 ti di— _ | F. f— 1. 2 dt—2 PERS 17 1 
r 
No thi Quantity is manifeſtly te T + * = areal and po- 


Give Quantity, G eee it 4s greater than (x + —). 1 
20 ff 21 it will n appear that. thoſe two Quantities will be equd. 


1 2. we will have (9 or <1 +, "PET. IRS 


for raiſing the Quantities on both Sides to the er p there will reſale 
on one Side A and on the n I: The of 2 le! oer bs 


Quantity. . 2 
4* from whence we may concde in gen, that "4 t is 5 any bse 


Number yer than Vanity, LL 


Traden leſs than Vnity, « (4 + 8:1 Ty _ 5 Jt 172 12 2 a 175 F 
: Whence i - appears, that when co npoun 
Sum due at the Exp iration of”: any Time 5 2 . 
is greater ty it would be if 5 94 Intereſt was allowed, that the Sum due 
at the Expiration of any Time leſs, is leſs than it would be, if fimp'e Intereſt 


35 a5 allowed, n if 9 Intereſt is advantageous 20.the Sons. 


M of 
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| Problem. 


ments, one at the end of every Near; and tbat at each Payment, 


* 


4 * 2 . 
8 
; A 7 71 4 "4 f * be 2 2 6 *: a 3 . * * * ** * * N 
3 . . . a ; g 4 . 0 EY eg 


in certain Caſex it is alſo. to the Borrower, in others, the Compenſation | 
It is true is not equal, ſince the Advantage of the Borrower ends with the 
firſt Year, and that of the Lender goes on continually increaſing as the Num- 


ber of Years increaſes. 


| | EIX. ; ; 10851 
A Sum a was lent, on Condition that the Principal and Intereſt at a certain 
Rate i per Cent per Annum, ſhould be diſcharged in a Number n _ Pay- © 

nt, the [nter 
then due | uld be cleared, and the "Remainder by which . fuch Payment _ 
ceeds the Intereſt applied to reduce the Principal, the Value of the Payments is 
"To ſolve this Queſtion, I obſerve that the firſt Payment is compoſed of 
two Parts, one of which is the Intereſt of the Prineipal at the fuppoſed 
Rate, due at the End of the firſt Year ; the other is a Portion of the Prin- 
cipal taken to compleat the Payment. That the Principal being diminiſhed by 
the firſt Payment, the Intereſt due at the End of the ſecond Vear will be 
leſs than the former, and conſequently the Portion of the Principal: to be 
taken to compleat the ſecond Payment, will be greater than the Portion taken 


to compleat the firſt, and ſo on for the ſucceeding Years. Whence there 


reſults two Series, the one decreafing, whoſe Terms expreſs the Intereſt due 


"at the End of every Year, the other incteafing whoſe Terms repreſent the 


different Portions of the Principal taken to compteat the Payments, It is 
this laſt Series we-ſhall conſider, and to- diſcover the Law of it, let 
z, M x &c. expreſs the Portions of the Principal. taken to compleat the firſt, 


os 


ſecond, third &c. Payments, ſo that = + y + x + &. =a, 
The firſt Payment will be = +, the 24. +,the Third | 


STS Ip7 + * &c. As thoſe Payments are. ſuppoſed to be equal, by | 


4 | 


WRT! ting the firſt with the ſecond, the ſecond with the third, &c. there will 


reſult ſomany different Equations. Whence is deduced 3 22 X 2 7 - 
x Iz x ( N )* &c, from whence it appears, that the Series in 
N e 7 | ER | N . 3 


de expreſſed as follows, z, 25. 8. 
To find the firſt Term of this Prog 


5 ⁊ þ3 &c. 2 p75, 2 , 5 | 
on, I obſerve that the Sum of all the 


| Terms except the firſt, is equal to the Sum of all the Terms except the laſt, 
- multiplied by the common Ratio, wherefore a — 2 a  — 2 hence 


fp =P or K to which adding the Intereſt of 
% — 5 Sk ba F 
S 25 | a 


81 


af —r x £ 71 - =o, conſequat, 7. . a ** ie le 
” Value as found before ns wy : 


| AA : 4 


the Capital due at the End of the firlt 'Year, which is a * — I J. 


there reſults 5 5 a * [=D — — + 5— 1 * » or ' (reducing. the whole 


2 $32 wg? 
to the ſame Denominator) r = a X (= h —), or in Logarithms, 


7 — 1 
Log. r = Log. (f*" —p* )— Log. G 1. 3 
Let the Sum lent, for Example be 120 J. 5 5. Intereſt 6 per Cent. and to Application 


be reimburſed 1 1 equal Pay ments. Here 42 — 120, 25, = 21 „06, 2 — 7 3 


hence Log. r = Leg. 10, 84852 —Log. o, In * 1, 035369—9, 702113 blem to an 


example.. 


21, 333256, whence r 21 J. 107. 9 2d. 
6 | Sloth 
When a Debt is diſcharged by many equal Payments, and the Intereſt 
due at the Time of each Payment is cleared, before any Part of the Princi- 
pal, compound Intereſt is allowed to the Lender. To make this appear, 1 


argue thus, a 7 who borrows a Sum a will owe at the End of the firſt 


Year, a X ., but by Hypotheſis he reimburſes at the End of this 
Year a Sum r, wherefore he will owe at the Beginning of the ſecond Year © 


* |—r, and at the End of the ſecond Year he will one 
"'&X [= 1+: ]—r(confidered 2+ Principal) emkiptied by nie debe is di. 


charged by 
ſeyeral e- 


21 X or and ſince at the End of the Year he qual pay- oo 


ments com- 
reimburſes a Sum 6k he will, owe at the Beginning of the the third Year pound in- 


terelt is al- 


g 4 
a 1. — — ry nou at the beginning of the 4th Year Ro” the 


IU e eee 


. rr of the neh Year. | ; 


x | - d + 8 J*© + 4 2 1 £3] — 4 my Fu 
EY” RE — „ * | 
1 if the Payment ſhould be made in a 1 n Wr the 
foregoing Quantity muſt be put equal to nothing. Now I obſerve, that in 


this laſt Quantity all the Terms that are multiplied by 7 5 form a geometrical 
Progreſſion, of which the firſt Term i is [. — =}. and the laſt Term 
1. Now, the Sum of this Progreſſion, putting for Bcevity's ſake 


— = — =þ will be equal to F — 1 divided by p — 1, ee 


L 
3X 
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What is 
meant by 
annuities. 
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. a | nies 3 1 4 

When A 8 of Money is lent on Condition that the Lawn that ar. 
charge both Principal and Intereſt in a Number of equal Payments to be 
made yearly, ſuch Payments is called an Annuity. In Computations relating to 
Annuities therefore, there are four Things to be conſidered, the Sum lent 3, 
the Rent received every Year r, the Rate per Cent i, the Number of Vears 


un that the Annuity is paid; and any three of thoſe four Things being given, 
the other may be found, as will appear by the following Examples. 


*Reſolution 


of the va- 
rious queſ- 


tions relat- 
ing te to an- 
eQuities, 


Let it be required to find what a yearly Rent vis worth in ready Money 
e its Continuance n Years, the Rate 7 per Cent per as — | 
eget | being allowed to the Purchaſer. | | 


Uere r, u, þ are given to find a, which is equal to 7 * WP „or 


To apply this general Solution to an Example, let the Rent be 301. 
per Annum, to be continued 7 Years, and let the preſent Worth be required, 
allowing 6 per Cent compound Intereſt to the Purchaſer. A 
Here we have 5 = 30, n = 7, and þ = 1,06 and of Courſe 
| Log. a = Log. 10,048 — Log. 0,06 = 1,002079— 9776751 = = e 


Log. 42 729 wy Log. (31). 


and * 4 167 J. 97. 5 4. 


LxII. | 
Let it be: required- to find for what Time n a Sum 4 will WIS an 
Annuity of r Pounds per Annum, at the Rate i per Cent compound Intereſt. 


Here a, r, & p are given to find n. Becauſe pf * i 
| 55 
Log. — — —.— | 


2] me 


Let it be . to find, for Example, 3 DW Time will 1671 95. 5 4. 7 
purchaſe an Annuity of 30l. ber Annum, at 6 per Cent compound Intereſt. In 


this Caſe a = 167,416, 12 30,5 1,106, hence N= 1 0 2 
=" Years, the Time required. 315 


II III. 4 Rs EO. 

Annvities are ſaid to be in Arrears. when tears are arable or due either 
early or half yearly, &c. and are unpaid. for any Number of Payments, 
to compute the Amount m of all thoſe Payments, allowing any Rate of In- 
tereſt for their Forbearance. _ | 
Suppoſe v the firſt Years Rent, then + 5 47 will be the Amount of the 
firſt Years Rent more the ſecond Vears Rent, and r $2 ＋ x þ +r the Amount 
of the firſt and ſecond Vears Rent, more the third Years Rent, and in gene- 
ral the Amount of the n —1 Years Rent more the n Years Rent will be ex- 
prefled 4 ＋ - FF * +408 + 
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ic the Sum of this Progreſſion 1s y 
quired, or Log. | = Log. (* . —9— 2 0 7 — 10. 
4 SO 

To apply this Formula to an Example, let a 728 Rent of 307. Wn un- | 
paid 9 Years, and let its Amount at. the. Rate of Cent per Annum, com- Reſolatien | 


= m the en re- 


15 1 g 
P 


pound Intereſt be required. 4 en 
lere Y 30, n & = 1,06 & Leg. ri Lag, 20, 68353 LIT 3H 0,06 tions relat- 


= 1315626—B,778151=2,537475,and conſequently m = 344. 145 654 alder n 


„ LX. atrrears. 
Let it be required to find awhat Annuity r fo rborn n Years, will hah a2 


Stock m, at a Rate per Cent compound Intereſt. 
Here m, p, u are given to find r, which is equal to — I x (= r IN 


Log. r= = Log: (mp — m) — Log: (N —x 
Let a = 3441. 5's. n 8, and i 31. 105. . = 1,035, 
wherefore Log. r og. 12,0487 5—Log:0,316803 =! 1,080908—9,500785,. 
=> = 1,580123, and. conſequently 7 = 38 0297 . = 38/. os. 7 d. per 
num. | « 27 
Ter VI. | 288 
1075 it | be e to find i in what Time 7, an Annuity of pounds ber ö 
Annum, will raiſe a Stock m, at a Rate 7 per Cent, 8 mow | 


Here m, p, r ate given t to find u, which is equal to R 25 SR 


Let m 344,25, r = 38,0297, and i 23 l. 10 5. hence p = 035 
and n — e ak. + Wong: = = Tenn the Time required. 


1 1,035 | at 
7 EEVIE>: 


1 all freetiold' or real Eſtates may be 3 as A to con- 
tinue forever, to S their true Value a, it ſuffices to put the Quan 


tity a . — , — D PS 1 or 
3 = whe £ 45070 _——_ continued to an infinite Number of: 


P F 
ein 54 20 nothing; which on Account of all the Terms that are 
multiply'd by. r being a Fogel Progreſſion infinitely decreaſing, . : 


and | canſequendy equal. o r is reduced, to e 5 a, *; ich fo 5150 


, or- 


— 
- 


Let it be required, fab Rasi, to fad Þo Palue-of | freehold Dlate of 
25 l. per Annum, Apen. N 108. Per Foul, on bags ork to 8 
be 1 ! "M9 — "IT! & | | 


af 40! 
gives a = 3 A 


- A 
5 2 


4 
1 
— 0 
NN — 


| _— = — — — _ — bh —— = . - 
8 — —— 2 fe : —— Ag ea SS =_ K 
2 - — — — | — — a As CL _— 
1 * & — — 
— vert dg a 5 — * —_—_ — —— 22 * 
a - — . Ro - oy — — „ — 
mm.” — » 4 be - — 8 — - 
——— — * : 
2 * * Y 4 5 — —— 
* — e — > 4 823 
Re LETTERS > 7 2 * — * — TIE IO OT 95 
* 0 _- 4 883 y 1222 2 — Ron tinted - — 
> 9 
* — 4 
- ; ” 
. 8 ” 
1 


5 2 
2999 
. 
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Here are given 2 25 l. S5“. 10s. and -conſequently þ = 05. 

wherefore, a = 4541. 10s. 10. the Value a awed | 
EXYIN 

After having ſolved all the Difficulties that could occur in | the Solution of 

Problems of every Degree, producing Equations conſiſting of two Terms, 

Order requires that we ſhould proceed to explain how to ſolve Problems 

roducing Equations of every Degree conſiſting of three Terms, but the 

Analyſts have not as yet found a general Method for every Problem of this 

Kind, the following in its full Extent, produces Equations of every FO. 
conſiſting « of three Terms that have been compleatly ſolved, 

3 „ 
Let it be reguired to find two Numbers, ye Product i Is a, and the 57 5 
— ference of their nch Powers is b. 


equations 


conbiſting of Io ſolve this Queſtion 13 the leſſer Number be x, OR the greateri is— , 
three terms .. | | 

5 got FR Now, by the Queſtion 3 = ==> - — **, Or 5 * — Us —x* ", conſequently 
for equa- | 


—_ __ * + 35 x" = a” , to i this Equation, J add the Square of = to 


gree. oth Sides, and there reſults * + þ x* ＋ F = a® + 4 b* whoſe Root 
is * 4A 432 ＋. 5 (a"+Z 3), & * - 3 + 7 # (Lanthy x +3 8), 
wherefore x = " [ —$b&v ( +38)]. | 
By means of this Formula, all Equations may be reſolved conſi iſting of 
three Terms, in the firſt of which, the Index of the unknown antity æ, 
is double of the Index of x in the ſecond Term, and the third erm is a 
given Quantity, and it is $ eaſy to perceive, that all Equations in this general 

Formula x*" + bx" = a cannot have more than four real Roots, and 

"wal only have two when a is an odd Number. ' | | 

LX. 
E:xarnlpe or 70 apply this general Solution to an Example, let it be required to to find y 


ie O38 two Numbers whole Produkt is 15, and the Difference of their Squares is uy 


ing method, 
Here a = 15, 5 = 16, and # = 2, conſequently 


n=+/{—3=v 289] =/ + —8+ 17 L 9 3. 


1 Let x4 — z 3 1 — * —. to be ſolved, adding on both | 


example. Lites 2 2 54 Square of one half of the Coeficient of x, there will reſult 
* —bb xx +334 NUB, whoſe ſquare Root is x** — $56 
= ./ ($6 'F #1 whence is deduced xx = bb Eb (Ts cc), 

and vonſequently æ = 2 ＋ (AI ee] ſulceptible, of 

two real Values, and of two imaginary ones. The two. firſt are 

* * . 4/ 171 (3 Blake Þ the two others * Are 


8$PECIOUS ARITHMETICE.. "ou 


«=<EV [4 Bb —bY (4 bb + cc) ] which are neceſſarily imaginary 
becauſe 6 % (4 5 K ce.) is greater than 4 66, 7 imaginary, - "908 
LEXIS, 78 
Let the Equation & — 2 a* þ x3 = a6 be propoſed, 4 to both 5 1 
Sides a* 5 5, there reſults xs — 2 4 a b x3 rr as , whoſe Anise e- ; 
fquare Root is#%—a a b=a* / (an + 5), or x3= a*b+a* / Can + 38), ple. 
and confequently x-= 3/ [ a ab + a* /(a* + 30, luſceptible of two 
real _ one politive and the other negative; the other four Roots are 


L XXIII. 
Let the Equation reer 48 be propo ofed, ad- 
| ding to both Sides 2 2 ＋ 4a bb + £5.44, there will reſult 3 Ther ES. | 
+ © 4 T Ta +4 b*=Za* —4 aabb +444, both Members be- Fourth ex- = 
ing perfect Squares, extraQing | therefore the ſquare Root, there will reſult Ow 4 
„* — 14 — 465 2 ＋ 2 42 + 6 b, which gives æ & = à a and 4 
xx = b, that is, x A. à andy = +4, which are the four Roots of 
the Equation & —(aa + B = — 80 f 
Let the Equation * — (2 g 8 F 5b be ſed _ 

8 XX = = 1 
to be ſolved, adding to both Sides the Square of half hs 5b tops the | — 5 | 
ſecond Term, and extracting the ſquare Root of both Members, there re- Fifth ons. = 
ſults & — 85 — 27 = %% V which gies = bt. | _ 
VISO T2 TA l. | 

Now on Examination I find that this 5 is a perfect Square, that 
of f +/(ff + g V, for the Term 2 g U f ) is double of the 
Produ of f into & (gb + ff ), and the Quantity g b + 2 f f contains 
the Square of /, and the Square ff + g 5 of the radical P art. 
Whence the foregoing Value of x. is reduced to f +) (ff+28) 
wml —FEV (ff + 25), ys Ms Is 
1 
In Order to diſcover when the Roots of Surds may be expreſſed exaQly 
by other Surds, as in the foregoing Example, and how thoſe Roots may 
de found, T obſerve that the Root of a Quantity compoſed-of two Parts, 
one of which is rational and the other a radical Quantity of the ſecond De- | 
gree, ſhould itſelf conſiſt of two Parts, and that one of them atdeaft ſhould 25 
de a radical Quantity. 1 
Let then 4 . B expreſs in general the propoſed ( niity, 4 denoting 
the rational Quantity, and B: A radical of the ſecond Degree, 0 5 + 7 


exprels the Root ſought. 
I now obſerve, that whether-p denotes the radical Quantity, or whether 


zt TIN ee 
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” + 25% +4, the Term 2 5p 9 can only be a Radical; comparing FORE ö 


fore this Square with the given Quantity, 2 p will repreſent B and Pkg? 5 
A; that is, we have the two Equations p- + * A and 2p 0 = B 


for Gnding 5 and g. From the ſecond I deduce þ = 27 which ſubſtituted 


| Method of de 82 | 
8 in the firſt gives —> + = 4. or 45 5 — or g — 44 8 
ſquare root 4 


of quantities + + 2 J(A4 A— 15 1 b endy o fg = + [2 A 1 27 4.5. f 


partly ratio- | 
nal and part- Subchtuting afterwards this Value of g in the e Equation + P=4o 


ly irrational. 'þ=+ A- we have þ = + [5 AP 3 2 (A* — —B9]; ; tom 
whence it follows, that the Root required of the Quantity 4 ＋ B is 


+ [$4 +$3V/(4*—B)] +V[$4 + E/{* —B)), or ſimply 


T4 VA 0 + VA BY... 
As to the Signs which ſhould affect the two Parts /[EA + 5 / 850 
and IZA - F/(4* — B?)]-of the Root required of 4 + B, they are 
the ſame when the radical B is poſitive, but different when E is negative; 
for it is eaſy to perceive that in general p ＋ 9, or — p — q being the 
Root of A+ B p 25 9 5· — 25 OY: 4 52 the Root 
; of 4 — r | 
Pen ON $05 TX XVI. 

ITehat the Quantity + A= i (A801 + = wm? G 44.— 91 
found for the Root of the Quantity A＋ B. may be expreſſed by a Bino- 
mial Surd, the Quantity 42 — Ba muſt be a perfect Square; which will 
never fall to happen as often as the Root of 4'+ B can be extracted: 
To make this appear we have only to obſerve that p — 9 is expreſſed by 
-B) at the ſame Time that 2 + 2 is expreſſed. by (A ＋ 5) ; 
from whence it is eaſy to conclude, that /A—B) X VAN B), or 
eee Au. or K+ —=x a eee 


Quantity. 
| IXXVII. 


Jo ſhew the Application of the 8 Method, let the Ms 
Application © 4 - 26 /(a a — ce) be propoſed, comparing it with A＋ B ve have 
of the fore. 41 = A. and B 2 N ci); and conſequentiy \/ (4*—B?)=" ag—2cc, 
8 whence * A + BY) ],= d(a* -; in like Manner, 
4 [CTA UAB) =:c;. that is, the Root ſought Aan anee 4 ee. 
e ee hea 111050 i 
1 Rye FL. Root of 6+647 
If it was propo to extract the ſquare of 1 uti 
A= 16 and B = 2 5 75 there reſult ae BB) = 0 1 prin 
quently VIZ. A ++ —BB)]=3,4 24 — id (Ad—!/ 1 ls 
whence 3 * Ts Or — 3 == 4/7 will be the Root e 5 1 vi 


00.0 *q- "i fs EF, ©. \ 


KK as 1 


'SPECIOUS ARITHMETICK. 


LXXIxX. 


Let the Root of a 755 A's (ap —a KY be required, aka 
"od B=—2ay/(ap — 4 a), there reſults (A1—BB)=ap— ee | 


and [ 2 4 L 01 =S(ap—aa): like Manner, 
I 4 1% ) =: #3; that. i; the es ne will be 


| e A ora —/(ap—a a). 


LXXX. 


If the Quantity e eee 33 — 24252 4 a3 NY Was r ex- 
propoſed, thea = #74 E-ÞEac, A LC OR TR ample, 


and (4 — B) = /h+—6 453 + ＋ 44 b— 2 435 + —— 
=bb—3ab+5# a, which will : 94 C 


=<S/(bb—24ab+xas), and ITA 4 (Ae B72) ARG 
whence the Root ſought is ann = z 4 0), hay 


292 d 
Alfter the Analyſts had found out a Method for 3 among the 


LX xxl. 


Quantities partly rational and partly irrational ſuch as were perfect Squares, 
they, without Doubt, ſought alſo how to diſtinguiſh thoſe that were perfect 


Cubes or higher Powers, as being abſolutely — to compleat the Reſo- 
lution of Equations contained in the Formula » + ar .= 6, or cube root of 
x -a NN. ＋4A4 4) J. Let us firſt examine what muſt be quantities, 


done when m = 3, that is, to find the cube Root of any Quantity 4 +B 
in which A is rational, and B a Radical of the ſecond. Degree. 


I obſerve firſt, that the cube Root of a Quantity of this Nature can- 


not include more than one Radical of the ſecond Degree, for it is eaſy to 
perceive, that the Cube of a Quanty ſuch as Vn + Vn which contains 


| two of. thoſe Radicals, will neceſlarily be affected by thoſe ſame Radicals. 


T:obſerve next, that the ſame cube Root ſought cannot contain any other 


kind of Radicals except a cubical Radical, and which is common to the 


two Parts of the Root. Such would be, for Example, the Quantity of 


ff) m+4/2gX 37 m, whoſe Cube mf3+3mf g+ (3mff Eng) Vg. 


as the propoſed Quantity 4 + B conſiſts of a commenſurable Quantity, 
and a radical Part of he ſecond Degree. - 
Now let y + g exprefs the Root ſought q being the Part affected by the 


Radical of the ſecond Degree, whether it be affected as well as 5 by a cu- 5 
Dient Radical or not. - 
It is manifeſt that the Cube 8 17 3 > 7 * 3 5 9 To g? will not contain 


any other Radical, but the Radical of the ſecond Degree, which is in 4, 1 


that only the Terms 35 Pp and 93 will be affected by this Radical; 
| therefore compare thoſe two Terms with the given Quantity B and Hd 


_ others with 4. n Hives the We r age AE N 25 3 44 gf and 
B=3fg +0 0 


N l 
F . *. £ T 
— . De OO IS—_L- ES = 


: 7 4 Bak «Is , 
a 4 bout 
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f k 
HET LE + : 
— — PUREE — Ps „ 


168 


ELEMENTS OF 1 55 


To ſolve thoſe two Equations we muſt firſt exterminate one of the un- | 


known Quantities p or 7 which may be effected by any of the Methods 
ap 


explained in the ſecond Chapter, but much eaſier by obſerving, that if pg 
is the cube Root of p; ＋ 3 p*q 3 9* + 97, the firſt Part of which 
3 + 3% 4 = 4, and the ſecond 3 p* f + 9 B, p—q will neceſſarily 
be the cube Root of 4 — B; which is in this Cafe = p3 +3 p g*—3p%g—43, 
whence 4 + B (þp+ 9g) and A—B = (p —g 3; conſequently, 
(A+B) (A—B) = (p+g) (p—9Y, r 44 —BB=(pp—ggy 
or (AA — BB = p*.— gf, or n = A — 97, in which # is given, and 
mult be either a commenſurable Quantity, or a ſimple cubical Radical. 
From the Equation ny = p* — 92, or 97 = p* — n, and from the Equa- 


tion = p3 + 3 þ g* is deduced 4p3 — 3pn—4A4=o, by Means of 


Which Equation the Part p of the cubical Root ſought may be obtained, 


Means of the Equation q = . — n). | 5 
As to the radical Sign it will be poſitive, if the Radical of the propoſed 


and when found, the fecond Part of the Root ſought will be obtained by 


Quantity has the Sign , and negative, if the Radical of the propoſed 


Quantity has the Sign —; for it is eaſy to perceive, that the radical Part 


of the Cube of p + 4 which is (3 pp + 99) X will always have the 


thod to an 
example, 


fame Sign as 2. 3 e 
Ik the Root of the propoſed Quantity A + B does not contain a cubicał 
Radical affecting all its Terms, 1 or CAA — B B) will be a commen- 
ſurable Quantity, and conſequently, the Equation 4 #5 —3pn—A4=0 
will not be affected by any radical Quantity, and as p in this Caſe will be 
2 — we cannot fail of finding it by inveſtigating all the Diviſors of this 

quation. | | | 
If the Root ſought ſhould have its two Parts affected by a cubical Ra- 
dical, which will happen as often as 4 4 —- Bis not a perfect Cube, 
then 41 — BB muſt be mulitiplied by a Quantity Q, ſuch as that the 
Product 4* . — 2 Q may be a perfect Cube; and now inſtead of 
A + B we mutt extract the cube Root of {A + B) X VA, which be- 
ing found and divided by the cube Root of / Q, will give the Root re- 
quired. N e | h 
LXXxII. 


To ſhew the Application of this Method, Tet it be required to find the 
Application 


2 . _ _ Comparing this Quantity with A + B I find 7 af — 3 'a*b = 4, 


the cube Root of the Quantity 5-a3—3 a* b+(5 a a—ab) X (2a a—ab). 


DLs a -r N (2aa— ab)] = B; and conſequently, A* — BY* = 
— 456 + 345% — 3a* Þ+83B, and n of . — BY = —aa+ab, 


fubſtituting this Value of u, as alſo that of 4 in the Equation 


4 p*—3pn—A=o, thete reſults 4 5 f 35 — 354 5—7 43 4 3 f 


which is diviſible by p — 2, that is, the Value of Bis a. Subſtituting this 


Value of 5 in the Equation 2p — n),there reſults 93 (2 2s -), 


whence the Root ſought is @ + / (2 aa == 49. 


; "IG TIS 7 NES ” Sh ok VE 
3 * * * * » $ 
1 * . 
* 
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COURT ee ᷣ Ooo  TISa 
Let it be required to find the cube Root of 2 4 ac—abe —bbe— 
[Z2 2 — 5 (aa cc - bb cc)], putting 244 c — be — bbe 


A and B - [242-3 V (aacc—bbcc)], there reſults At — 2 


=2 b4 cc—2 a 53 cc, which is not a perfect Cube. To diſcover what will 


-make-it a perfect Cube, I reſolve it into its Factors, and it becomes Another ex- 
2 NC CU - x ; whence it appears that by multiplying by 


e it gill become a perfe& Cube, that of 2 & ( — a) X b, 
or of 254 —2 a 53 and conſequently if the propoſed Quantity be multi- 


ample. 


plied by 2 ſquare Root of a EY „ there will reſult a new | 
Quantity [C2 4a — 425 — bb) X (2b — 24) — (24 — 3) 
| vn es 1 )XV(aa — 656)], the firſt Part of which 7 A. 44 
the ſecond B, will give for „(4 A — B B), that is, for n, 2553 24 b. 
Whence the Equation 4 53 — 3.pn — 4 =. o will be transformed into 
45 —3pX(2bb—2ab)+(66+ a5—2aa)X(2b—2 4) =o, 
which is diviſible by p + a — 6, that is, p = b — a, which Value being 
ſubſtituted in-g = y/(:pp - u) there reſults 9 Ma a — bb); wherefore 


b—a — (aa b) will be the cube Root of the Product of the pro- 


il e er PI 3 [b—a— 9. 42—3 301 * 
poſed Quantity into — wherefore e 


is the cube Root required of the propoſed Quantity. 


70 , 310, po NIST i: 37 1 „5 at] 
Tf the Terms of the Quantity whoſe cube Root is to be extracted have 
.Diviſors, they are firſt to be reduced to the ſame Denominator, and then the 
eube Root of the Numerator is to be divided by that of the Denominator. 
=] Sh VVV * 

If it be propoſed to extract the Root of a numerical Quantity partly ra- 


tonal and partly irrational, it may be performed much eaſier than by the 


foregoing Method. 3 Method of 
For ſuppoſing firſt, that the Root ſought ſhould not be affected by a eubical Bading dhe 


Radical, but ſhould conſiſt of an Integer, and a radical Part, alſo an Integer eube roots of 


Number, becauſe p — 4 VA —B) when p == A+B we Will duties, 
have p = Aft! - 2 = 3/(4+ 21. . whence the rational Part of Bafa g- 
the Root will be obtained by computing in the neareſt integer Numbers, 
(A-) and Y/(A+B), and taking the one half of theſe two Numbers. 


ly irrational, 


For aſſuming for - B) and for \/{4 ++.B) the neareſt integer Num- 


bers, negleCting the fractional Parts, the Error that can ariſe in each of theſe. - | 
Quantities will be leſs than E, and conſequently the Integer Number that 


reſults for-the Value of-, that in, for py vil age 


nal and part- 


2 
8 
NC, 
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- 
„ 


differ from its true Value by Unity, and'as this Value of þ heuld be an la- 
 teger, it will be exactly determined by this Means. 


Having thus obtained the Value of 2, and that of n or of 97 A—B 1 : 


being given, ſubſtituting the Values of p and = in q= VC 27 i, the ſecond 
Part of the cube Root required will be obtained. 


If the Root ſought ſhould have its two Terms affected by a cubical Ra- 


dical, which happens as often as 4* — B* is not a perfect Cube, then as in 
ſpecious Quantities we muſt extract the cube Root of A/2 + B,, 2. 
being a Number ſuch as that 4 & — B* Q may be a perfect Cube, and 
having found this Root, divide it by the cube Root of / EE. 
— rt. 

Io ſhew the Application of this Method, let the Cube Root of 5 + 5 
be required, putting Ar), B= 5 V2, I find n or VA — BY) —1, 
I afterwards obſerve that the Velde of (4 ＋ B), or of , + 5VY2) is 


„ nearer 2 than 3. I therefore aſſume 2 for its Value, in like Manver I obſerve 
Application 


of the fore. that / (4 —B), or VO — 5/2) is nearer o than 1, I aſſume o for this 
going me- 
— * Quantity, whence PA or XL + B) ＋ LA = 1. I ſubſlitute 


this Value of ping =4/(pp=—n), * I find 7 =4/2, whence I con- 
clude, that if the cube Root of the propoſed Quantity 7＋5 9 can be ex- 
trated, it will be 1 + 4/2, and in Effect &Q, 1 ＋ 2 raiſed to the Cube, 


gives 7 + 5Sv 2. 
LXXXxviI. 


Let the cube Root of 5 + 34/3 be required. Here 4 A B — 2, 
but 2 not being a perfect Cube, I examine what Number Q,, by which 
5 +34 3 being multiplied, will render 4 A—B B a perfect Cube, 


and fading? 2 for this Number, I inveſtigate the cube Root of 10 + 6 3. 
3 
Anotherex- and 1 find n — 2, and the neareſt Value of . * B 2 XL N (4 — 


le. a 
| or of — * WRC: 64/3) in "TI to FA I, fubſti | 


tuting thoſe Values of Sand n in g (P- I find g ; and 
finding upon Examination that þ + g or 1 ＋ n is the cube Root of 


10 +64 3, I conclude that 
573%. 


XIV II. 


The fore- 85 


thod ren- 
dered more 


&rple, 2 2 


„ Since # of 0 1 B*) = 


is the cube Root ſought of . 


The Computation for determining þ may be 3 more gap hs 
going me- obſerving that inſtead of IL A. 1 


% 


| * FN 


1 N Nr 


srrcious ARITHMETICK. „ . 


VAD X2/ (4—B). Whichis fimpler than AE? * = 2 


becauſe it is eaſier to divide the Number n 2 found by 37 (4+ B) 
than to compute ſeparately . * 
XIII. | 
'To ſhew the Application of this new Formula, let it be app! ied to he | 
Example of Art. Lxxxv. where A was = 7, and B = 5 4/2. fter having Application 
found, as in the ſame Article, that a = — 1, and that (AB e 


5 In the "neareſt i integer Number, to be 2, inſtead of ſearching, as in the * 


Article, the cube Root of 7 — 5 V in the neareſt i integer Number, I di- 


vice n or — 1 by the Value 2 95 3) (4 + B) which gives — 3 "which 


being ſubſtituted in = foregoing Formula, which N the Value of 2 


— thege reſults . „ or I (aNfurning the d 
peaceſt Ee Number) for the Vue of 5. as found in the above - men- 
tioned Article by the Formula L= — * 2 the Remainder 


of the Operation i is performed as in the ha Article. 


XC. 
It i is to be obſerved however, that the new french may Jead i into 8 


if A and Þ have not the ſame Sign, for when theſe Quantities have diffe- 


rent Signs, the real Value of % ( A + ÞB ) may be ſo ſmall with reſpect to 


u, that the neareſt yg Number aſſumed for this Value, will give for org. 
; | | fe dive wh — 


* that will differ from its true 5 diffe- 


. DT a f ent ſigns. 


Vous by feveral Units For — if it was required to extract the 1 
Root of 45 — 29 / 2, putting A= 45 and B — 29 V 2, the Value of 
% (A+B) or of 3/ (45 —294/ 2) in the neareſt integer Number 
will be 1, andas * (4 — BJ; is here equal to 7, the Value of þ, or of 


— will be found jn this Caſe to be 4, 


"wat in n Reality i is Toll __ to 3, as. may be proved by the Expreſſion 
* i Bank . . of the foregoing Method. 


But provided 0 this 1 new Method of finding the Value of p is exact, 
when A and B have the ſame Sign, it is of little Conſequence whether it be 
applicable or not, when thoſe Quantities have different Signs. For it is 

ah to perceive that i in this Caſe, we have only to ſuppoſe Aand B to 8 | 
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; both poſitive, and extra& the Root þ + g, then givep the ſame Sign that 5 


A has, and g the ſame Sign that B has. N 
It t. then to examine, whether when A and B have che fame Sign, 


or what amounts to the ſame Thing, if 4 _ B be both poſitive, we 


What is to 


be done in 


this caſe, 


pen. In this Caſe, the Value of þ will be 


. 
may ſubſtitute in — EN {EE | 


in the Room of 


3/ (A+B) its Value in the ak integer Number, ſo that the Value 
which will reſult will not differ from its true Value by Unity, to be aſſured 
of it, let the Value of 3/ ( 4+ B) in the neareſt integer Number be ſup- 
Poſed to differ from its true Value by 2, which is more than can ever hap- 


— — N 


to ſhew that this Expreſſion of 5 in not di fer from ii is true Value by 


Dnity, let rein the Room of 3/(A4+B) 27 ＋ 72 


7 


in the Room of n, and there will reſult ey . — — A * from 


| f 
which deduQing p, the ter EEE will wu the diffe- 
rence between the Value of þ in the neareſt Integer, and its true Value, 
now, it is manifeſt, that this Quantity can never equal 2, for in the firſt 


7 


Expreſſion [acti 2 ie that it includes, the Mae 7 + being 


27 
leſs than the one half of 29 + 1, will be much lefs than the one half of 


| 2þ+29q+2: win the ſecond Expreſſion 2 . - which it like- 


Caſe in 


which the 


two fore- 


ing me- 
 thods fail. 


+2q=—1 
wiſe includes, the Numerator — 9 + x, being leſs than the one Half of 2 7 < 
will be alſo leſs than the one half of 29 + 25 — 1. : 
Whence the Value of p determined by the foregoing Method, cannot 
differ from its true Value by Unity, and conſequently as often as a Quantity 
A + B, partly rational and partly irrational, ( in which only Integers enter 
either under the radical Sign, or before this Sign) will have a cube Root 


p + 9, -44; zh in _ this Root _ be found ha * een 


Method. 


But if the Calle A+8B, 3 clear of Wine cull dee 
fractional Root, ſuch as the Quantity 2 2 ＋ J 5, whoſe cube Root 154 + 35 
it cannot be found by either of the two foregoing Methods.” 

To remedy this, Inconveniency, the Analyſts have ſought i in a direct Man- | 
ner al the * e ol when cubed, Pty integer P Numbers. 


. 9 4 3 > 
* "Rs. 2 . 


SPECIOUS ARITHMETICK. 


Let. all thoſe Roots be expreſſed by £ + 7 3 P and m expreſing E. 


gers that have no common . and by Root of an integer. Num- 
ber, which will admit of no Reduction with the Number n. Raiſing this 


Quantity to the Cube, 1 will reſult —— * —— for the rational 
Part, and == r + 2 + Þ * 7 for the irrational Part. Now, by the 
| Conditions of the Ea the firſt Part He + as, and the Coe- 
ficient 25 + 1 of the Seu Part ſhould be integer Numbers. 

Rr Lat ih 1 5 be put equal to 5, which will expreſs an in- 
INE 8 Thes 4 523 — —_ ; but this Quantity by Hy- 
| potheſs ſhould be an 1 integer Nu mbers collaqurntly A ſhould be 


1 


alſo an lateger ; wherefore 3.7 ſhould be likewiſe an Integer, \ and 


conſequently „ ſhould be a Multiple of n. 
Now let n ml, W ＋ bn 13 —3 2 p- cuba ing 


thoſe Values of = NY 2. N * , this Smit: will become 


i 


after the ReduQions in. Boba 3 5 15 "th ſhould be an Integer, but 


4 and m having no common Dido, this Quantity cannot be an integer 
Number, unleſs m be 1 or 2. As to n or m |; it is eaſy to perceive that it 
ſhould be equal to m, becauſe the Equation 2 = 5 75 B 72.3 P 


will give + - 3 þ*) and conſequently 4. „ that is, 
2 2 2 47 36) whence i it appears that SE Part of the 


3 

Root can hon no other Denominator than what- the firſt has, and conſe- 55 

quently muſt be either 2 or 1. 8 
When therefore the Root of a Quantity B, the rational Part of 


. * 
x : * . . 
. $ 2 . 
. 1 4 nl F 1 8 1855 
33 — We E gh 4 Fi $ 
1 FA p: 5 4 1 : 
* . — — Writ — — 7 VE is : : 
- —— tn ae ” 5 
erer 1 - — * = 


which A, and the irrational Part B is expre 1 | Integers, cannot be found 


by the foregoing Method, we have no. more to do than to muliply this 
Ulti by 8, and inveſtigate. by the foregoing Method the Cube Root t wt 
the Quantity reſulting from this Multi er e and Ie this does not ſucceed, 
no farther Trial is to be made: if it fas, che one Half * the cube Noot 
foupd, vill be the be pe" 1 * 5 


$ ; 
„nr 8 oy A 4 A. YU * 42 n ö * x * 
0 12 4 * W 44 by * * 8 þ : * bn 18 Y 1 þ i . p — 
; 1. 4 \ 8 — : 
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| When the Nymber 4 and the Radical Ba are FraQtions, 8 are to * 

reduced to the ſame Denominator, and the Root of the Numerator and 


Denominator are to be extracted ſeparately. Thus, to extract the cube 
Root of / 242 — 12 4, this reduced to a common Denominator is 


L —— — „an the Roots of the Numerator and Denominator found 


| e give the Root 2 ALL. . And if you are to extract the cube 


Root out of 3% 3993 + 6/ 8 divide its Parts by the common 
Diviſor 3/3, and the Quotient being 11 + 4/125, the cube Root of the 
Propoſed Quantity will be found by taking the cube Roots of 753, ane of 
It + 4/125, and multiplying them into each other. hs 
D en | 
What is to If it be propoſed to extract the cube-Root of a Quantity, . of 
be done two Radicals of the ſecond Degree, whether it be a ſpecious or numeral 
| whenthe Quantity, we have no more to do than to multiply it by the Cube of one 
e of the Radicals that it contains, the Product that reſults being a Quantity 
the Sum of partly rational and partly irrational, Its Root may be extracted by the 
tworadicals. foregoing Method, which when found i is to be divided by the Radical, by the 
Cube of which the propoſed Quantity was .mukiplied. 4 | 
Ken © | 
: m_ . If the fourth Root of a Quantity as A + B. was FER fiſt, the 
nated by an ſquare Root is to be extracted, which, if it cannot be found, much leſs 
der ig er. Can the Root of the fourth Power be found. In like Manner, all even 
tracted, Roots are to be ſought, continually 3 them * NNN the 
0 ** Root. 
xcv. 
"a general, if the mth Root of the Quantity 4 4 B was required, thert 


( þ + 9g) "= 4+ B, and raiſing p +9 to-the Power m, it will appear 


that 4 i is the Sum of all the odd Terms F - — . — ; , | 
of the le. 2 2 (m— LIEN of * 1 &c. ad that B 1 Is the Sum 0 
for extract- . 2 X 4 „ EN cs 
of any pow- A all the even Terms m 441 5 TIX 5 — 9 e 120 
er of quan- 


| — and 2 — £ — 3 <2) T5 * — - a 2 45 * 5 5 Kc. whence, | when 
Rd 4 LB is the mth Power of þ + g,* 4B will be the ntꝰ Power of f—q 3 

conſequently / (A—B) X (A. +B),= = (p+49) X(.— 1 NY 
| . (4 +Þ) — L=. 


or pb — os a= 85 or q = V p* n, alſo 


. 24 aa * 8 
n * N * * * 2 — 
7 = by 1 2 9 #7 * * 
1 1 * „ 2 * 
3 + 


EL, = LOH ET AEDT 


. 


„ becauſe _ 


% (AA—BB) = (A +B)XY/(A—B), and thus from the 
Compoſition of the Binomial 4 + B we are lead to its Reſolution, when 
A is rational, and A* — B is a perfect m Power. = 
If the mt Root of 4* — 32 cannot be taken, multiply 4 — B* by a 
Number Q,, ſuch as that the Product may be the leaſt perfect Power 
n =4* 2, — B* ©; and now inſtead of 4 + B extract the m Root of 
(4+8B) X.VL,, as above, and when found, divide it by *"\/ Q, and the 
Quotient will be the Root require. VE 
To find this leaſt perfect Power m (n*) that ſhall be a Multiple of 
4A* — 32 by a whole Number Q, let this given Number 4* — B be re- 
preſented by the Product as 3b? d f, whoſe ſingle Diviſors let beaa@... 
-6b6b....d, /, and the Product of theſe Diviſors raiſed to the Power , 
which is 4 & d', divided by a” 5 d f, will give the Quotient 2 
z d S ©. a whole Number, provided ſome Index as * 
or p be not greater than mz if it is, take, inſtead of the ſingle Diviſor, a or 3, 
a2 or 52, a3 or 53, &c. till there be no negative Index in the Quotient, that 
is, till Q be a whole Number. | | „„ 

] CVP - MCEIL et 
Having ſhewn how Equations are ſolved by compleating them into per- [i 
fe& Squares, the Square on the right Hand Side being a Quantity entirely Reede 
known, we ſhall now proceed to explain how Equations are compleated in- of equations 

to perfect Squares, the Squares on both Sides being affected by the un- of even di- 
known Quantity. Let the Equation x* — 9 x3 + 15 * — 27 x+9g'=0; — 
be propoſed to be ſolved according to the Rules of the Extraction ing chem in 

of the ſquare Noot, I find the two firſt Terms of the Root of this Quan- ſou care 


| tity to be & — — x. Let the whole Root be expreſſed by Plained by 


— 


* 12 — —_ x'+ 4; now obſerving that the laſt” Term g of the 

| Propoſed Equation is a perfect Square, as likewiſe the laſt Term of the aſ- | 
fumed Equation (. Z-x+4* = x*—gx+{24+ ) ge f. 

I ͤ put A= 3 which will transform this Equation inte 
x*— g x3 + — 2 — 27x + ꝙ, whoſe Terms agree with all the 

Terms of the propoſed Equation, except the third; the Difference of thoſe 
Terms being => #* ; to compleat therefore the propoſed Equation into 


eee eee ee eee e eee ee 6＋— — — 
A 1 e * JJ R a Y 7 Ne 
* * - 2 - ” 4 _— N * 


176 nens 08/012) 
| perfe& Square, add to both Sides of it =- *, and extraQng the Square 
Root of it, I find x* — . K + 3 = £ 


2 — x Vs, and conſequently, 


; ; os . ET : e * 
x = 22 y 5 + 4/| + 7 . 1 
| | e XVIII. / ö 
Let the Equation x* — 2 4 x3 ＋ (2 4 —cc) * — 243 Ä + 4 O 
Another ex- be propoſed to be ſolved, according to the Rules of the Extraction of Roots 
ample. I find the two firſt Terms of the Root of this Quantity to be æͤ* - @ K*: 
Let the whole Root be expreſſed by x* — a x + A; now obſerving that 
the laſt Term a* of the propoſed Equation to be a perfect Square, as like- 
wiſe the laſt Term of the aſſumed Equation (* — 4 * ＋ A)* = 
44 — 2 4a K* +(24 +a) x*—2a Ax + A*: I put A = 42, 
which will transform this Equation into x*— 2 a x3+ 3 7 — 2 a3 x-+ af, 
whoſe Terms agree with the Terms of the propoſed Equation, except the 
third, the Difference of thoſe Terms being (3 a* — 2.4* + c.). 42 = 
( a* + e); to compleat therefore the propoſed Equation: into a: per- 
fe&t Square, I add to both Sides of it ( a* + c, and extracting tlie 
ſquare Root of it, I find * - a x + af =x /( a* + c*), and conſe- 
quently x = +@ TV AA Tee- A4 + $4) y(aace)]. 
Ih Sans TEE Ion 3575 0s 6 
Let in general the Equation & + p x3 +qx*+rx+s S o, be 
Propoſed to be Tolved, in which p, 2, r, -, are the given Coeficients, and 
 Toveſtignti- the Equation is clear of Fractions and Surds'; E 
— * ＋ p * + g rr. 15 . 1 
TT f 5 it. 4.5: BE + 7 K 
ing equati . a e ＋ 2 5 1 


ons of four 1 1 


dimenſions a 2 ' CEN > ng Es 
zato perfect + þ #3 + 7 ** + rx+s 
" ſquares... 1 7. en P * — 3 þ*x* : 


z 


+ (9 ihr 
+ A? * + 2ABx+ BY © I a 
e 


5 | ko "on — Be 3 5 
According to the Rules of the Extraction of Roots I find the two firſt 
Terms of the Root of this Quantity to be æĩ - +5 px. Eet ihe Square 
AA x* + 2 AB x + B* compleat it into a perfect Square; fo that the 
whole Root ſhall be expreſſed by & + A N EM 
I obſerve that — 4 ff. + A, if they are Fractions they ſhould have the - MW - 
ſame Denominator, ſince they deſtroy each other, or their Reſult is an In- 
teger ; conſequently & is an Integer, or half of an Integer. 


© 


1 


n pd e 
- © 


Nou from the Equations q— 4 f*+4*—2 & =o, r+24B—þ QS, | 
and s + BY — O o, putting 7 = 5 P = & we have 2 S = A + %, p 
p22 =2AB +r, 2*= B*-þs; ſubſtituting therefore the Value of S, 
as given by the firſt Equation, in the other two, we ſhall get rag nas 


| Sp A —2 AB D g, and 7 A 4 + 4 a 4A > — BY = 4 : Suppoſing tions by 


g r- 2 a p, and = — 4a &. In which Equations the unknown compleating 
Quantities appertaining to the latter of the two aſſumed Squares are anly 1 
concerned, and from which their Values might be found; but as the reſult- ſquares can- 
ing Equation, when one of the Quantities is exterminated, riſes to the ſixth 9% _— 
Dimenſion, and would require more Trouble to reduce it than even the feed hw 
original one. propounded, little Advantage would be reaped there from: by trial. 


The Analyſts therefore, inſtead of proceeding: in a direct Manner, have en- 


deavoured to diſeover ſuch Properties or Relations of thoſe QuantitieEFas 
might enable them to gueſs at their Values, which may be afterwards 


tried by Means of the Equations here exhibited. 


| b . 1 O. % | 
Too explain what they have imagined in this Reſpect, it is to be ob- 


ſerved, that Aand B may be either rational Quantities or Radicals, and in 
this laſt Caſe, as A* x* . 2 4 B x + B* ſhould be a rational Quantity, 


A and B muſt be affected by the ſame Radical. Let then A = Vn, an 
B In, by this Means the two Equations derived above will be chan- 


ged to 2 p ln — 2tIn=8, and 4 H- 
or to 4 5 K — 2 4 1 = — and 2 A u ＋ 4 2 — 212 = „ re- 


ſpectively. „ 
Now ſince & and / are Integers, or Halves of Integers, conſequently an How aally 
Integer, it is plain, that and — muſt be Integers likewiſe, or at ee hr nn 


leaſt the Halves of Integers, and conſequently that = (whoſe Value we are way be re- 
ſeeking) ought to be ſome common integral Diviſor of 83 and 2& 


duced in 
| thi | 
Moreover, with Regard to & and J, it is evident from the firſt of thoſe W 


Equations & % 4 — 27 2 — that the former & ought to be ſome Diviſor 


of £ and that if the Quotient - be taken from 4 5 & the Remain- 
der will be the Double of 7. ; 


| 0 $5 3 
It further appears, from the Equations © = —— „ and 9*?=B?+,, 


by ſubſlituting for A* and B their Equals u 4 and n E, that 2, will be 


3 2 


© 
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eres Square, add iw both Sides of it Fg 5 and extra ding the Square 
Root of it, I find * — = x * 3 * 2 K Ks; and conequont 


= e Vs] 


8 11 8 1 n 
Let the Equation x*— 2 4 4 f (a 4. Id tis 


Anotherex- be propoſed to be ſolved, according to the Rules bf the Extraction of Roots 
ample. I find the two firſt Terms of the Root of this Quantity to be æ* - K: 


Let the whole Root be expreſſed by x* — a x ＋ A; how obſerving that 
the laſt Term d of the propoſed Equation to be a perfect Square, as like- 
wiſe the laſt Term of the aſſumed Equation (* — 4 * ＋ A) = 
44 — 2 4 43 + (24 + a) x — 2a 4 x + A *:' I pat 4 = 4“, 
which will-transform this Equation into x*— 2 ax3+ 3.a*%x%— 2 a3 x + 245 
whoſe Terms agree with the Terms of the propoſed Equation, except the 
third, the Difference of thoſe Terms being (3 a* — 24. + c.). 4 = 
( a* + * x* ; to compleat therefore the propoſed Equation: into a per- 
fe& Square, -I add to both Sides of it (a* + 429 x and gs. the 
ſquare Root of it, I find & — a ++ a” =x of( (a + e), and conſe- 
quently x = 4@ VGA e EVI you E Fo) PEEP. 
ba” „ TE 

Let in general the Equation 5 5 3 ＋ f et PE ES: #220; be | 

propoſed to be ſolved, in which p, 2, 7, 2, are the given eee and 


Foe Iaveſtignii the Equation is clear of FraQions and Surds'; * 


— on 41 1 + 21 e 9 „ 12 


2 
gompleat-.— 4 3 _ 


” wif or þ 1 is, 
* + Al * + 2ABx+ B32 1 
e ee wee, * 


th 1 — 


* 


0 O 

| 1 to the Rules of * Ae of Roots I find the two firſt 
Terms of the Root of this Quantity:to be,x* — 4. % K. Let-the Square 
IA +2 AB x + Bi compleat it into a perfect Square; 3 ſo that the 
whole Root ſhall-be-expreſſed by x +3px +2, 

1 obſerve that — x./* 44, if they are Fractions they ſhould. have the 

fame Denominator, Bs they deſtroy each other, or their  Refult ; is an In- 

| teger; conſequently @ i is an Integer, or half of an Integer, 


rſt 


— 


der will be the Double of 7). 
It further appears, from the Equations = 
by ſubſtituting for A* and B* their Equals u 4 and u /*, that E, will be 


* V 9 , 2 — _ 
: * F RC ö N _ 
720 F F _ 7 * — 4 * © 4 uy 28 YL 2 2 * * „ * p 
BE * een * VASES * * 
: - LT Ps : * 7 * 


: Now from the Equations q KO 1 $3+ A —2 9 =o, r+2AB— 5 So, 
and s + B— 93 =0, putting 1 4 þþ = « we have 2 S =A + , 


Þ2=2AB + r, 2*= B*-þs ; ſubſtituting therefore the Value of &,, 1 


as given by the firſt Equation, in the other two, we ſhall get ien of e 


Sp — 2 AB=b, and 4 A* +ia A2 — 2 2 4 2 Suppoſing tions by 


r- 4 p, and C=. — 4a . In which Equations the unknown complesting 


Quantities appertaining to the latter of the two aſſumed Squares are only e 


concerned, and from which their Values might be found; but as the reſult- ſquares can- 
ing Equation, when one of the Quantities is exterminated, riſes to the ſixth not other 


: : ſe be ef- 
Dimenſion, and would require more Trouble to reduce it than even the f.aeq than 


original one propounded, little Advantage would be reaped there from: by trial. 


The Analyſts therefore, inſtead of proceeding in a direct Manner, have en- 
deavoured to diſcover ſuch Properties or Relations of thoſe Quantitie as 


might enable them to gueſs. at their Values, which may be afterwards ; 


tried by Means of the Equations here exhibited. 


Jo explain what they have imagined in this Reſpect, it is to be ob- 


ſerved, that A and B may be either rational Quantities or Radicals, and in 
this laſt Caſe, as Aa * + 2 A B x + B* ſhould be a rational Quantity 


A and B muſt be affected by the ſame Radical. Let then A = &y n, a 
B = IV, by this Means the two Equations derived above will be chan- 
ged to 2 h ln — 2tIn=8B, and zen t ta HEA Cs 


or to Ep 1 — 2 KE = , ad ETH HE SY re- 


1 pectively. 


Now ſince & and / are Integers, or Halves of Integers, conſequently 1 an oc 5 1 


Integer, it is plain, that — and ERS muſt be Integers likewiſe, . or at tions of four 


dimenſions. 


leaſt the Halves of Integers, and conſequently that = (whoſe Value we are pan be re- 3 1 F 
| ſeeking) ought to be ſome common integral Diviſor of B and 2 L. 9 
| Moreover, with Regard to & and /, it is evident from the firſt of thoſe 


duced in 
this manner 


5 


Equations & p& — 21 2 = that the former & ought to be ſome Diviſor 


of £ , and that if the Quotieat _ be taken from 4 þ & the Remain - 


42 


4 , and B=, 


3 2. 


We 
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— . N — 
=; Su n#S — S 333 * 1 — 
—— — =_ 
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will be known, when #: and + are known ; by Means whereof and the other 
Equation, J. may be a ſecond Time found, and the Agreement or Coin- 


cidence of this Value, with that before determined for /, will be a Proof 


that n and & have been rightly aſſumed, and that adding to the given 


Fquation the Quantity » & (# x + I) it will be compleated into the 


Square (* + 4px + ). 
Since the foregoing Method of Solution depends upon the aſſuming pro- 
The num- Per Diviſors of 6, 28 and — for the Values of n and &, it will be ex- 


berries ent, in Order to diminiſh the Number of Trials, to diſcover ſuch of 
from the the Diviſors as are not to the Purpoſe, which may be effected from the 


1 2 pre] Conſideration of the Properties of even and odd Numbers. 


o : s „ 10 | 2 — | 
3 In Order to which & = << being previouſly transformed 'to 


be an Integer- likewiſe : And ſo 5 being an even Number, it follows that 
n, or 2 6 + 1, muſt be double of an even Number, (or a Multiple of 4) 
increaſed by Unity; therefore all the Diviſors of f and 2 & that have not 
this Property, may be ſafely rejected, as not for the Purpoſe, © 
In like Manner, if p be even the ſame Limitations will take Place, pro- 
vided that r is odd, which will be the Caſe when Q is the Half of an odd 
Number; for when Q is an Integer, A* = 4 p* — , and BY = ?, 
being Integers, their ProduQ 4* B* will be an Integer, and conſequently, 
the ſquare Root thereof 4 B being rational, will likewiſe be an Integer, 
and ſo þ & and 2 4 B being both even Numbers, their Difference r, as 


n / / | 
* 5 * [ore ty 8 On we 2 2 4 n 2 * * 
_ N — —— , * JIE 1 0 * n 8 cat 1 * . hs : F * * A 7 uh; : re DP? « 2 2 
+96 R 3 * = 9 
* = > 1 


8 = — and R = == 5 from the former of which 2. | 


nifeſt, as all the Terms but 4 5 are known to be Integers, that + þ muſt | 


þ 7 N * r ä * * 7 
: - 
o * - 


* £ v . * 
8 bY 4 Y h — . 
4 - 
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given by the Equation p 2, = 24 B + r, would be even, and not odd. 
| „ „ Are +1 =45 
0 # then 2. = . „ then 2% 5 5 
but B*, or its Equal n 12, being here equal to the Square of Half of an odd 
Number (.) joined to an Integer { — 7), JI will be alſo Half of an odd 
Number. 55 | | 
Let then / = ace then 1 — 5 = 422. 
5 15 4 | 
conſequently 4 T4 _ —4- = n X ( 42 14 . 1 and 


. 1+ 4 x+4 x2 —4s e A): 


L042 AT 1+4,9 ＋ 45 


whence n is poſitive, and the Double of an even Number, or a Multriple a 


33 2 2 — . — -: 
of 4 increaſed by Unity, when the Fraction — I x = : 72 — is 


poſitive, but negative and a Multiple of 4 leſs Unity, when this Fraction is 


negativ»e. | | 7 N 
From thoſe ſeveral Concluſions is derived the following Rule for the 
Reduction of Equations of four Dimenſions, contained in the Formula 
ak * ＋ b * ＋ 2 * +rx +1 o. ren 
KANE EO. * 006 | . | 
Male a = 9 pr, == r a p, and & =; # 7 4 4, then put 
for n ſome common integral Diviſor of H and 2 C, that is neither a Square, 


| C | __ 

nor diviſible by a Square, and which being divided by 4 ſhall leave Unity, if Mole Grlend) 1 

n be poſitive, but a Multiple of 4 leſs Unity if n is negative, if either p or r ee es 3s | 
be odd. Put alſo for k ſome Diviſar of = if þ be even, or Half of the odd 3 
Diviſer if p be odd : Take the Quotient from & þ kh, and call Half the Re- an equation 


of four di- 


mainder J. Make == — Ez in 1 and try if n divides 2.2. — FR and menſions, 


the Root of the Quotient be equal tol; if fo it happen, then the propoſed 
Equation, by Means of the Values thus determined, will be reduced to 


** ＋ TDR TL . = TL YVNX (AX TJ). 


That the Diviſor n ought not here to be a Square, is evident from what has 


been already remarked, ſince both A and B would then be rational Quan- 
tities; and that it ought not to be diviſible by a Square, will alſo aqpear, if it 

be conſidered that & and / in the Equation, k Hh A and In B 
are to be taken the greateſt, and n the leaſt, that the Caſe will admit of. 


| : r ethane" al - 
Let the Equation x* + 12 x — 17 = © be. propoſe to be reduced. 
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Here p=0,q = ©, r = 12, 5 ='— 17; confequently, a = o, 
f 12, =— 17, and Brand 2 g; that is, 12 and — 34s having 
only 2 for a common Diviſor, it muſt be n 2. Again LE =6., 
Al cation Whoſe Diviſors 1, 2, 3, 6, are to be ſucceſſively put for &, and = 3, 
of the fore- 3 | - 3 @ ＋ n 42 | . . 
. for I reſpectively, but nnn Þ is 
ample, * | 


equal to © , and a —— — 1; and when the even Diviſors 2 and 


6 are ſubſtituted for k, Q. becomes 4 and 36, and Q: — „ being an 
odd Number, is not diviſible by z = 2; wherefore 2 and 6 are to be ſet 
aſide : but when 1 and 3 are written for &, Q, is 1 or 9, and 9?—- is 18 or 
98 reſpectively; which Numbers can be divided by 2, and the Roots of 
the Quotients extracted being + 3 and ＋ 7; but only one of them, Viz. 
— 3 coincides with J. J put therefore ( = 1, ] = — 3, TP =, and 
adding to both Sides of the Equation n K * + 2 nk /x + n1?, that is, 
2 x* — 12 x + 18, there reſults x. ＋ 2 x* +1 =2x*—12 x + 18 
and extracting the Root of each, x*þ 1 . /2X(x— 3), and 
again, extracting the Root of this laſt, the four Values of x according to 
the Varieties in the Signs are — 3 / 2 + Y (3/2 — 29, 
— N - N 39/2 - :); i/2+/ -3J/2—Y, 
ä © 
| e CIV. 5 | | 
Let the Fquation #* — 6 * — 58 * — 114K — 11 = o be pro- 
poſed to be reduced. 5 | | | | 


The forego. Here p = — 6, q =— 58, 1 =—I14, 5 = — 11, conſequently 


e 315 = Þ, and — 11354 =&. The Numbers 8 and 2 8, 
led to an- | ; 
ater exam- that is, — 315 and — = have but one common Diviſor 3, that is 
ple, 


n = 23, and the Diviſors of — 105 = £ are 3, 5, 7, 15, 21, 35, and 105, 


' Wherefore I firſt maks Trial with a=k and dividing — or — 105 by * 
get the Quotient — 35, and this ſubtracted from + þ # =— 13 X 3, leaves 


| e 
26, whoſe half, 13, ought to be equal to /, but T — 4 or . 


that is, — 20 is equal to Q, and 92 —s = 411, which is indeed diviſible 
by n = 3; but the Root of the Quotient 137 cannot be extracted, there- 
fore I reje& the Diviſor 3, and try with.5 = &, by which, dividing 


or to & + x#—3=+vV2 * (4x+ 2), all which are, in Effect, but : . 
one and the mou Equation, as | will 1 by ſquaring both Sides of each, Vie 
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= =— tox the Quotient i is — 21, and this taken from & þ K =—3 X 5, : 


«+ nk _ =S22+75 | 


| leave 9 21. At the lame Time A TIT =. 0 
and 22 — , or 16 + 11 is diviſible by n, and the Root of 15 Quotient 9, 


that is 3 coincides with I. Whence I conclude, that putting / , = 5, 
2A. 4, n = 3, adding to both Sides of the Equation, the Quantity 
n l x*t2nkls + n, that i 185-7 75*#* + 90 x ＋ 27, and ns ed 
the Roots, it will be 


riemen rang e+4= 4 3X (5243) 
N 19 ¹n 2 DES 4 


and again extracting the Root, x 


8 | 
No Regard i in the foregoing Rule is had to that Circumſtance in which 8 
happens to be nothing. In this Caſe, the E Equation 184 — 2 41 Caſe in 


1 hich the 
— B REALTY BY 2 12 — 2 k ] = = 03 where one Root, Or Value of E — 
n rule cannot 


muſt | neceſſarily te nothing. Therefore Q, being = a, we have / / n be applied, 
= (A-) = Cu-); fo that by a direct Procels our given 


| Equation — 1 to K* 2 8 2 5 x ＋ 2 * 90 4 42 2 —F ) Were @ 19 


given =q - 4 5 Rule to be 
Thus the Equation x* + 2 x3 — 37 * 2 — 38 x +1 =o, where this eaſe in 
« = — 38, 6 =o, is reduced to * ＋ x —19= +64 10. ; 
| Beſides the Value of k =o when 8 = o, there are two other Values 
which equally fulfil the ſeveral Conditions required, and bring out the very 
ſame Concluſion, 
For ſubſtracting the Square of half the-Second of the original Equations, 
29 — 2 A, p —r=2AB, Ms = B: from the Product of the 
othe two, there will be obtained the Equation TYG r- XY, 
＋ZNX (a- fgzrr) So, wherein the unknown Quantity ©, is alone 
concerned, which Equation being of three Dimenſions, the Root Q and con- 


ſequently K = 3 will admit of three different Values. 


Thus the Value of & inthe propoſed Equationx*4-2x3—3 7x%—38x+1=0 , tec 
may be 23 3, or 4, or which comes to the ſame, the Equation itſelf may be app this ie 
to an enam 


reduced to v. He E io, EA A TVNG◻t 2 ), ple. 


e 


—_ * an 
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Third ex- 
ample. 


6 | | 501 5 85 | 

— 984 + 80 LL. 2 2 5 _" 
| = 27889 _ 1552 — 2789 _ __ 2637 „ 
S$— 144 97 — 4 x 16 16 8 
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and a 1 tranſpoſing; from whence, in every Caſe, the given Equation 


2 * — 37 * — 38 x + 1 = 0 will emerge. 
cv! 


Let the Equation * — 3 x? + 44 * —123 x + 97 = 0 be * | 


poſed to be reduced. 
Here p =— 3, 7 = 4 r 123, 97, 1 


the Diviſors of f are — 3, — 7, — 23, and thoſe of F are — 3, and 
— 8779; whence B and 2 C, having only — 3 for a common Diviſor, 


1 + 151 I 


Fe 


it muſt be = — 35 becher. = + Hf = Te 


therefore * whether k +- *Y ( becauſe 5 is an odd Number) will 


. 


ſucceed. LE — r : e 
＋ 11 
and / = — . 8 — — x 49. 


Application 
— * fore- 
going rule 
for reducing 
equations 


having frac- 
ted terms, 


4 


e. = 


2 — = DET. = — . This Number divided by 


F 
n = — 73 gives LE „ Whoſe Root is + — = 73 | whereſore the 
propoſed Equation can be reduced, and there reſults | 


nn. Li+ = (2 . 


vii. 
If the higheſt Term of the Equation to be reduced has a Coekicient dif- 


ferent from Unity, the Equation may be transformed into one that ſhall 
have the Coeficient of the higheſt Term Unity, and the foregoing Rules 


may be applied to the new Equation. 
Thus, if the Equation m & + p x3 + ** + rx + s = © be mul- 
tiplied by m', it will be transformed into „ 
mt x3 + m3 p x + ku + m3 rx + ar = o. 


svrcfous ARITHMETICK. 5 „ 
Let m & iy, and y* + py3 + mg yy + mmry+ ms = o vill 
reſult ; to which the foregoing Rules may be applied. 
For Example, if the Equation 2 x* - 6 x3+137 x — x +315 = 0 
was propoſed, here 2 x = y, and conſequently m = 2, m* = 4; m3 = 8. 


Subſtituting y for æ, and multiplying the Coeficient of the third Term by . 2 [ 
2, the fourth by 4, and the laſt by 8, there will reſult, 1 
jf — 633 +274 3* — 1600 y + 2520 = 0. ; 


Here pþ=—6, 7 = 274, r= 1600, 5= 2520, 9 — 4 5 =274—9 


= 265 = OE X 265 = — 795, and 7— | þ anne. 


—o 65 — WAY en 2222 2 
eine | | - Y 
4 . 4 1 4 
The Diviſors of f are — 5, — 55 — 23, A and thoſe of Fare — 5, _ 


— 23, — 523 Wherefore n = — 5, or n = 23. I put a = - 3, 


whence E= ——= = ＋ 167, and k = 7, or 4 2 24; | | nn 


Let =, —.— — = = — 21 — 23 =— 44 = 2 I, and = 


2 the 0 whence is deduced Eb m e — 10=2, 


and 222 100, 2.9. —-= = 100 — 2520 = — 2420, and 3 


— = = 484 = (— 22) Y 25 the 1 therefore reduced i is 
* — 35 + 10 = (19—22) == and reſtoring 45 n. 


2 & for y, and 18 all the Terms by 4, * — = . . 1 


= = ( 2 — 2 V—s: 
C VIII. lication 


| Hitherto we have applied the Rule to the Extraction of ſurd Roots, to > CO Ee 
apply the ſame to the Extraction of rational Roots, it ſuffices to make uſe going rule ll 
of Unity for the Quantity n, and by this Means we may find whether an for — oo 
Equation that has no fracted or ſurd Terms can admit of any Diviſor, either > Ars „ 
rational e of two e n oe 4 of equation, © 1, 

Thus, if the Equation x* — x get Hate + 12 x — 6 == © was propo- f four di. f 
ſed, by ſubſtituting — I, — + 12, and — 6, | for p 7. r and 7 re- menſions. 3 = | 


| wn, a+ = . 1 ans 


| Divi there of the Quantity £ is or —5 5 are E; 3. 5, 15, 25, 755 the | 
' Halves _— (if 5 be odd) are to be tried for E, and for L trying 


5 I 2 3 
. 1 find — ph 28, ad in Elf — + 1. Alſo 


a+n# == 9, 1 2 .— =6 == the 8 


2 


agrees with J. I therefore conclude, "6 the 8 n, h, I, Q, are 
rightly found, and having added to each Part of the Equation the Terms 
; „ h x*+2nklx+nll, that is, 6 f X X — 12 * + 6 4, the Root 
may be extracted on both Sides, and by that Extraction there will come 


out & & AN ＋ = TY N (Ax 7), that is, xx— 5 K 4 
= LI X (21 * 2 2), or æ x 3 ＋ 3 S o, and x & ＋ 2x — 2 , 


and ſo by theſe two quadratick nn. the biquadratick One e 
* be divided. 


| on” © = 
If « at any Time there are many Diviſors of the Quatiiy © _ DP fo that it 


may be too difficult to try all of them for E, their Number « may be dimi- 
8 niſhed by ſeeking all the Diviſors of the Quantity 4* 1 — Err, For the 
Obſervation Quantity Q ought to be equal to ſome of thoſe, or to the Half of * 


| . dn odd one; for & 42 — « I n*, and taking from both i -* = 


de number & þ* * — 5 221 ＋ * , ſeeing the Remainder ; | 
FI * - (e AH Kn — 7 P 2 +3 N 
282 — 22, x n Bo 6. Q. + PENTON Oy Tar, 
the Thing is manifeſt. 
7 


Thus in the laſt Example s « — * ri * | lomeone of wheſe 


Diviſors I, 3, Oy" or of them halyed 2 1 , ought to be 2; 


| Wherefore by trying ned the halved Diviſors of the Quantity ob. Viz. 


5 T. T.. and bor l. I de all that do not 


Lk; that is, N to be one of 


* 


2 
en. K · + = K, or 4 o+ 


not 


e of 


erzetous ARITHMETICE. 


hs Nambers 1, 3, 9 D 2 —— but by writing - — 52, 3 6 , ö | 


Me 
. "he. for h, there come "out reſpeAtively — Hy, lg: 1 275 | 


1 &c. for 2, a np er 4 and E. ure found 
bem. the aforeſaid Numbers I, 3, 9, Eg 244 , and gert 


3 
the reſt a rejected, either E will be = bow . 2 1 or 


== 41 2E 2 j which two 9 ler be examined. 


If the Equation to be N is of ür Dimenſi ions, fot it be 


4 pf T bin btx+ov=0, and let there be aſ- 


ſumed + 1% ＋ Ar ＋ RNH— (A + B * + C)? 


/ / / 168 Þ Hg which, dae 1 1 


lution and Tranſpoſition, will give pb 


(2 $+ 3 8*—9) #*+ (2 RIP A- NLA 22 (2 2.R—1)s reducing e. 


uations of 


+ Ri —v=4M x*+24Bx3+(24C+B) x*+ 2B Cx + C2, fix dimenſi- 


From whence by equating the. Coeficients of the homologous Powers, 995 by trial. 


| and writing  =g — Ef p, | 


We have 1%2 A A; 20. R% e wi By/ i 
30. RT = 246+ 85 1. 2 LR —t=2BC;. | 
5. R —y = C?, 

If now the Value of 9= 14. + 4 a, as given by the firſt of theſe 


; Equations,” be ſubſtitued for Q, in the ſecond, we ſhall. get 


2R + IAT IT —r = 2AB, *,90d;; conſequately, 
R=AB— M044 + = 8 (by patting 8 = = r,— , which | 


Value, together with that of bei ſubſtituted in the three 18 
Equations, we ſhall have, - 2. * remaining 


. 54315 A+ 186 14 LI. I 0K ; 
FFF Oh def = 220) 12 


4 


* * * : 
1 oe" . * £ : * c | ' 
SE p . 7 1 
of. * * ey. Ag | 4s . ) : OY 5 * > = ** "I : ” Re . ” t 1 N 
r 5 N PNAS . +6" & 1 * . . A 5 7 : % - 
28 1 8 and aft a hn A 3 
8 a 3. wht 5 wp : «AA; as 5 IN We « - WY 5 . : ! 7 e e e. 5 4 
= ? 8 7 BOTS 2 78 2 . * err Ava. > ; * 8 2 — N 42 7 4 — * 
X pe ** 2 . X 2 % . 1 . n 2 N y ge Sf Roy yd FD - 
Be” A ern Nr * ant 8 Jn r * r ON" obs * Y 2 * wire £ a a ee yi _— 
N 1 I . Kaos os PR wh wh 1 * 8 . is, Gow ry Era RN EIN — 4 a L p—_ 
8 es n . nn ANN har oy * RED, SE. 94.7" WS 4 97 9 SO „ FR x S X <a F 7 3 *. 
: n x > Seb 3+ F; . 8 - T 1 * Wer ä 
f , - — _— * 
- vaS % va — 2 - "Y — — pcs <a — A+ x 4 
\ _ — — . b = = : | 
= \ 1 : : = Sf wh . - - 
= PR 1 — 2 —— 1 I EF 


PLEMENTS « or 
9 4. K. — 464548484 Ae tee 


which by putting y=s — f, Jong e e 8 
u- 88, will be reduced to 


245 % 4 L 14 T 14. — 1 + 9 
FF 
and 4. B. — 1 Pf B+ BAB + tf 4.45 4 — 2. 


reſpectively. 

Now-as the Values of 4, B, and C, are either rational Quantities; or if 
irrational, affected by the ſame radical Quantity; ; let them be expreſſed by 
ky n, 17 n, and m / n, reſpeQively ; then Subſtitution being made, and 
every Equation divided by n, we ſhall have 


19, iE ＋ * 1.＋ = E 
8 „- EHE Fol——- e nam 


30. 1 — pnB1+B8H+ 16 pati— == = m1 


From Shove it appears ( ſince &, I, and m, are — conſidered as In- 
tegers, or as the Halves of ſuch.) that E, e, and 9, ought to be all of 
them diviſible by n, or which is the ſame, that n ought to be ſome com- 
oy mon integral Diviſor of the Quantities &, » and . 5 
With Regard to &, let the ſeveral T erms in the former Part of the firſt 
of our three Equations, in which E is found, (in order to abreviate the 
Work) be denoted by Pk, then will the Equation itſelf be changed to 


14 ＋ = 2E , and in the very ſame Manner our other 
two Equations will be changed to 0 4 — = 24 m, ani 


Hh 4=wm, reſpectively. 


Let now the Square of Half the Second of theſe Equations be ſubtr 
from the Fata 8. the firſt and third, then will Red 


1 Hig + AE 2 ge + —= S e 


which, by dividing the whole by 2 , and ping A= 2 0 — 4 * vill 
at Length ne 88 


Trai- gun; * e x 1 = m*; 


=. SS a9 on vw DAa% a4S4q3i - 


S S$PRCIOUS ARITHMETICK. 
where "Y n, a and 0, being all diviſible. by their common Diviſor n, 6 25 is 
fhewn' above); it is manifeſt, that _— - (in order that mn may be an I- 


teger, or the Half of an Integer * Fr alſo to be Grill by its Diviſor 


« 11 that is, # ought to be ſome Diviſor of the Quantity ——— ec 4 | 
Again, with Regard to I, let the Velow of R AB + £ 2. + 4 5 
be ſub 


as given by the ſecond of the five original Equations, ituted in the 
fourth, by which Means we have 22 AB=p2* +r 2 —t?=2BC, 
or 2 9 14 — Y+r 2 = 2 n im ( becauſe 4 ln, B=1/n, 


=my/n) and r arms # <2. 2 = 92 FRY 


Gli 2 m - 2k 9, being an 1 it is ek that 
muſt be an er alſo; and conſequently, I ſome Diviſor of the Quantity 
7 I. * Z . , from whence 7 being found in Numbers, the Value 


Sf r= ee ra, 2,+ + will be had like- 


wiſe; and then by Means of the three laſt bf the-five original Equations, 
the Value of n may be alſo found three different Ways, and the Truth of 


the Solution thereby confirmed: For thoſe Equations, by ſubſtituting for 


A, B, and C, their Equals k / n, 1 / n, and Vn, do become 
eee = 


from the ſecond 


— 


from the firſt of which m | 
22 . 5 and from Ft 0 6 5 e 


8 m = I 


all found equal among themſelves. . 
"Cu; © 


As the foregoing Method ef Solution urs upon the PEI Riba | 
Diviſors of &, n; 0, &c. for n, &c. To bring the Work into leſs Compaſs, The mam 


it will be expedient to reject ſuch Diviſors of thoſe Quantities as are not to 3 
m the 


the Purpoſe, and this may be effected as in the precedent Caſe, from the n Monet, 
Conſideration: of the Properties of even and odd Numbers, the Reaſoning on of — 


e 92 5 
vhich Values therefore, when Q. R, &c. are rightly aſſumed, will be 


* 


© thereon being the very ſame in this Caſe as in the former, which therefore property 


it will be unneceſſary to repeat. And from the Concluſions above derived bn odd wane | 


is deduced the following Rule for reducing an Equation of ſix SRI hoe 
Ren F 23. ; 


* A „ ** 
71 ug 8 3 ＋* Ss: 


8 
y % 


1 $3 ELEMENTS. or 


Cx. 


— 
— 


„ (ns ON CES 7 00 6 -l | 


8 - 22 62, 48 f, 90 — 4 IJ. = N. 


rule derived 
from the Then for n take of the Termi 2 C, n, 2 0, ſome common Integer Diviſar, , 


3 that is not a Square, and that likewiſe is "not diviſible by a Square, and 


reducing an which alſo divided by the Number 4, ſhall leave Unity, provided any one of the” 


equation of Term: F. r, t, be odd. For k take ſome Integer Diviſor of the Quantity 


ſix dimen- 
Ns. 


2 1 1 


take the Quantity, 12 ＋ 121, take far 1 ſome One of the Divifors 
| of the Dyantity LEZLELSs „ QYbe an Integer, or the Half & 
| an odd Diviſor, if Q be a Fraftion that has for its wh tera the Num_ 


15 ber 2 is or 0, if that Dividual TE =22p— — be nothing, And for 


R the Quantity 171 40 + 11 . Then try if RR can be di- 
vided by n, and the Root of the Quotient extratied ; and befider, if that 


Root be equal as well to ” Quantity — * 
= 2. +2 RAI 1 3 "if all theſe bappen, call that Root m, and i, 


= 2 wa 
Room of the Equation propoſed, write thi: x3 + Fpxx + Q + R 
2 * n X (A* + x + m); for this bf ft by ſquaring its 
Parts, and taking from hep 2 ides the Termen the "gs Nun, will pro- 


duce tbe Equation Propoſed. 
9 XIII. 


Let x%— 2 4 45 4263 x4 + _ Gb 40 a 


Application + 344 3 — 47583 = © be propoſed to be reduced. 


tle forget Here writing — 2 a, + 235, + 2455, —20abb + 1 


ple. 
4. —H+ 20+ 3 b — at = q, 


Ft e 3a) bb —4abt= „ and — 44 b L436 445 = „ 


and the common Diviſor of the Terms 2 8, »and 2 d, is 2 4 — 2.6 b, or, 
255 — a, according as 4 4, or 2 5 b, is the greater. But let a @ be great- 
er than 2 ö, and aa — 266 will be n; for. n muſt always be affirma- 


tive. | Moreover we have, = a 1 _ "ii 
3 by = 7 +460),uud — 4 241 md 


if þ be even, or the Half of an odd Diviſor, if þ be odd, Ss © 


- as to the Fyantity, | 


em- , and 3444 — 4213 3 for p- 9. r, 4, l, and v, reſpedively, there will 
come out 2bb—aa ==, 44 5 — 4 . 2 a3 5 ＋ 2443 — 


ck e 65, 


a 4 


7 * 


' 4 


$PECIOUS ARITHMETICK. | 


TH TRE | Ss 15 1 ; N * . 7 +4: 3% 4 ö 77 E | Fs 19 ; 44 1 ; 21155 ; 1 
a 25 „Ar Ss 15 * 133 5 * 75 £ * = 


＋ e 33 — 1551 at 38; the Divibes.whereof are I, 4; 443 bus be- 
cauſe 1 * L cannot be of more than one. Dimenſion, and that / n is 
therefore 1 will be of none; and, conſequently, can only be a: 
/ herefore,. rejecting à and @ a, there remains * 1: for &, be- 


* fides =» + —-n k þ gives o for Q, an 


Nothing; and conſequently , which ought to be its Dwitbr, will be No- 
thing. Laſtly, Z 7 — 25 0+ nk] gives abb for R, and RR —v is 
— 2 4 4 54. 4.41 5 6, which may be divided by n, or 24 — 266, and the 
Root of the © Veste 4 4 b be extracted; and that Root taken üer 


my Viz, — 4 &i is not unequal to the indefinite Quantity F 


e „ but ber to the deflaite Quantity E2+2 — 2 : 
Lo that Root — 2 6 will be m, and in the Room of the Equation - 
propoſed, there may be writ x3— 4% x K NHR Vn N U I n, 
that is, æ1—. 4 * K H abb,= (44 2425) X (xk - 439; 1 
the Truth of which Concluſion you may prove by ſquaring the Parts of the „„ 
Equation found, and taking away the Terms on the right Hand from both- ; 
Sides; for from that Operation will be produced the Equation * 
x6 —2ax5 +2bbx*+24bbx3—(24abb— 2 43 3+48 Þ) a+ 
TI PORT OR which was progpled-to-be rations; 
% i 

| Whena=0; in which Caſe 4 (or one Value of f. at leaſt) will alſo - 28 
be S2 o, the Reduction will be performed by a direct Proceſs. For 4 . . 
being Nothing, the three Equations wherein 4, I, and m are field introduced which tb. 


__ * foreging 
will become — £ = E, — = = 21m, and— — = m*; whence pots cannot* 
n n * bs applied. 
Rule to be 


1 = WE C., m/i= 7 #; and conſequently x= f= A A0 6 
2s it ought to be; therefore, by ſubſtituting thoſe V Values, Be writing a 969 hag 215 
fo, inſtead of Q, and R, their Equals F a, and 5 4 the Equation given is 
eee mb M 
; CXV. 23 
If the Equation ropoſed is of eight Dimenſions,.. let it be 

x* + px!1'+ 9 A eee, 

| then by „ + TD *3+Qx%+Rx +8)%— (A x3+B h 4 
= x8-+ þ x1. ＋ * Tri tif ik ve f 04s 


[ELEMENTS OF: Ts 

ö . | and | math" 28 in the former Caſes we mall hve the 10. 22 . 
1 25. 2R+ pI —r=24B, 5. 28 ELN Ac, 
J. pS+2QR—t= 24D + 25 C. 5e. 228 ＋ RR 
=2BD+CC, 6. 2RS—w=2 CD. 70: SS—z2=DD. _ 


diſcovering 
whether an DSV; putting alſo, to orten the Work, QO Qn + — Fe 
dien dimen R= R'n + +8, & = Sin ++ 7; thatis, let the Quotients of G. R 


reduced; and &, when divided by the common Diviſor n, be Q, R, &', and the Re- 
miainders 2 4, 2 B, and + J, reſpectively: Then to ine theſe laſt, 
which muſt be firſt known, before n can be known, let Subſtitution be 
made in the ſecond and third Equations, every where diſregarding ſuch 
Terms wherein n and its Powers are involved. Thus Subſtitution being 
made in the ſecond Equation, we have 2 R'n +B+fQn+3pe—r 
= 2 k1n;; where the homologous Terms in which 1 enters not are 8, 
2 þ a, and — 7: The others therefore being here diſregarded, we have 
5 ＋ Za — , or 5 rhe in the very ſame Manner from 
the third Equation y bi 4 5 ＋ * 2 — . 05 and conſequently, 
2 2 1 6 — 42 | 
Let Subſtitution be now made in nds bert fifth, ſixth, and ſeventh, 
Equations (ſtill diſregarding ſuch Terms as would involve the Powers of n) 
and there will come out, 10. Epy+tiaf—t, 20. Fay ＋ 6E — v, 
30. 4 8 5 — w, 40. 4 7 7 — 2. Now, as all the other Terms that would 
ariſe in theſe Equations ( beſides thoſe put down) are affected with n, and 
are therefore diviſible thereby; it is manifeſt, that the four Quantities 
1 2 7 — a Bl, - 427 — 468, 0 — 3 67, and 2 — f 1 53 
here brought out, which, for Brevity take, I repreſent ſeverally by J, «, C, v, 
muſt likewiſe be all of them diviſible, by the ſame common Diviſor 4 
when the Equation given is capable of being: reduced. If therefore no ſuch. 
common Diviſor, ( under the Reſtrictions ſpecified. in the precedin Ude 
| depending on any Coeficient p, r, t, or , in a Place denominated from an 
eeuen Number, * an odd e 726 can be ee, MS will 
pb hg ahen be at an End. 935 
„ 5 . cxvI. I 


From the "0H Method of Operation, which may te OY on 28 
fort of Examination, whether the Equation be reducible or not, we may 
General me find all the Quantities, to which n ought to be a common Diviſor, when 


1 thod for diſ- the Equation given is of 10, 12, or a greater Number of Dimenſions. -, 
_ covering 


4% 


f 


* * py "oa 2 


equation of ** od any let there be PG; e Os. $9 | „ &, 20" 


» 


Method for Putting now (as before) . B — I, n, 9 „e. 


MO. wheter ar Let & A +9 gi Steel OMe a Apt at s Ee 0 


Aa 
* 


eee +(Qun+z HER 
. E Hi” am a” =3&c A v g ail e "2 &c. menſions 
then by dae =" + Ep at” "+ (Qin +- 2 9 e dec. and due * * 
tranſpoſing „ + P * „ Ke. it will appear al 

the "Oe of this [mag Lon which u enters not, will be, } 


Ex eke a any ung. 


1 


333 . 


„AK 
e 


From the ts Half of which PR all the 8 a, 8, 7, &c. will 

be determined by aſſuming the Coeficients equal to Nothing-: 257 we 

have, = g — frier —+ þ 8 3 — 1 „% % 
J t- EP y— 2 fl, &c. and thole Quantities being known, the Coe © 

ficients of the remaining Terms will likewiſe be known, whicl ought al! 
of them to. be diviſible: by u, in Order that the Reduction may ſucceed 3; \ 
that is, they ought to be ſuch, as to admit * a common 9 ( n , un- oY 


Kar ann ReſtriQtions b dane ſ Coe 


Cc XVII. 


43 If 4 Application | 


'$PECIOUS, ARITHMETICE. . n 


of evcn di- 


a + 1 7 0. e bs of the fores. 


Te ae + f =o, we ſhould have a = 9 — Ep ee 
: =r —Eþa, y=5— FþfÞ—i aa, =t'—Eþy—F# þ, and gie 
= % % - Fox —i86, and als Coons Eee Me 
Terms ( whereof n ought to be a common Diviſor } would be 


pT 44, Lark 16 f * — 6 e 
27. ＋ 422 — 4, 49.— e, and 4 — f. 4 
Theſe Operations for finding of n will moſt b end the Work, 
If ſuch a Value however ſhould be found for as to anſwer all the Condi- 
tions above ſpecified, and conſequently there are Hopes of a future Reduc-- 
tion. Tt may be tried by the . Steps, which though applied only 
for reducing an Equation” of eight ] PR yet it is woes: to ene 


ary general for all Equations, 9 1 6 
7 eo i 62 27; 


 _ Becauſe by the 1th Equation $ & — 4 = 14 i ow ahi hike 
- { uare Number 52, to which, after it. is multi lied i into u, 2 Term 
a * 5 HA > ſhall: make 


RI 


— 


1 | 
= ED EL WES we OE et nee 


ELEMENTS. or 


A * Number, which may be expeditiouſly FI by ating ng to 
when u is an even Number, or to 4 z when it is odd, thoſe "Quantities 


val to ſome Number in the Table of ſquare Numbers; and if no ſuch 
7 umber occurs, before the ſquare Root of that Sum, augmented by the 
£ np] ſquare Root of the Exceſs of that Sum, above the laſt Term of the Equa- 


Equation , 9, r, 6, t, v, &c. There will be no Occaſion to try any 
;arther; for then the Equation cannat be reduced: But if ſuch a ſquare 
„Mumber does occur, let its Root be &, if = be even, or 2 8, if n be odd; 


and call : — =b; ; but if a is odd, then Fandb may be FraQtions 


that have 2 "EE Denominator: And if one is 2 Fraction, the other ought 
to be ſo too, which is alſo to be obſerved of the Numbers R and m, © and /, 
'Þ and &, hereafter to be found. And all the Numbers S'and 5 within thi 


7 45 re- Limit muſt be collected in a Catalogue. 


-ducing-equs Having thus feund un, E, and '$; f is next to be Wel by ſucceſſively wy. 


Tuer, been ing all Numbers which do not make n 1 = + þ four Times greater than 


found bythe the greateft Term of the Equation ; 5 when & is had, Tis to be found by 


foregoing 
3 the Equation: = = 2A 1175 of Q being found, all Numbers are to be 


(eſt Term of the Equation, and / being tound we bave 


8 


4 
ſucceſſively to be tried, which do not make n m + R greater than quadruple 
the greateſt Term of the Equation, Of the Values of the Letters regiſtered 
in the Catalogue, thoſe only are to be aſſumed which agree when found ſe- 
veral Ways, thus, S 18 n * by the 7th Equative f and alſo 


= — rs e +: nkm ; by the third; and i its Correſpon- 


; | qual to bm „31, 5 1, 7 u, 9 n, 11 1, and fo. on till the Sum becomes 


*tion, is four Times greater than the greateſt of the Terms of the propoſed 


(tried for / which do not make n 1 + . greater than quadruple the  great- 


R 9 Links wt 1. + 211 Laſtly to find m, all „ 


. | 


dent b POE = by the 7th Equation, n= LE 272 7T 
| j . by the e all = ASE; - he — So : by the 5 „ | and 
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divided by 4, leaves 1, as it 1 becauſe the Term 's is odd. Since going rule 1 


ture Reduction, and becauſe it is odd, to 42, or — 20, I ſucceſſively. add? 
n, 3 n, In, 7 n, 9n, &c. or 5, 15, 25, 35, wo Kc. and there ariſes 


480, 3585, 700, 826, | 
960, FOO 1260, 1425, 1600. of "oy * 9 25. 225, r = 
are Squares. 2 _ 


Wherefore, the Halves ofthe Root PIN 5, — 20 arEto be called 1 


a Table 755 the Vis of , '&the Values of REEL — 27 that! is, 172 25 - 25 : 9 


teſpectively for 5. But becauſe & Lu, if oe e gor * rs, " „ no 
becomes 65, a Number greater than four Times the greateſt- Term of the | = 
Equation.  ,- Therefore I NY; 20 and g, and "OE the reſt in ibe oh W | 


Table as follows, b 11. 2 3, 2's 4. Os 


2 8 : * A : 1 


Then I try for K, all the MNoanbes which do not make 2 — 5 E greater 


bers. — 8, — 7.26. 2 4. — 3, 7 * . O7 T5 2, 3. 4 3» 05 6 Ty 
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than 40, I. peroeive d nn. *, 120, — and 60 and their | 
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or—5 —57, that is,—55,—50, —45, — 40, 38, =3% = 25;='20, 
15, — 10,-5,0,5,10,15,20, 25, 35, 4% 45, the three former of Which, 


and the laſt, becgute They are greater than 40, may be neglected. Let us 


"Iv therefore, —2 for 1, and 5 for R,. and in this Cale, for m there will be 
| (ſides to be tried all the Numbers which do noi make R + um, or 5 su 
Sreater chan 40, that is, all the Numbers between 7 and—: 9, J, and ee whether 2 


— 7 
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| Wiiefore, ſince there 3 in all Caſes — 25 orb, 1 conclude all the 


Mawber to be rightly found, and conſequently that | in the Room of the 

2055 propoſed, we may write x? +2 x3 + 5, x — 2 4 
e ook 2x * + Fog 1 9 For N e the Parts of 

vg i- 8 


ub kherefore try — 1 for 4, and o for E. in+i6 this/Cafe for Þ We 
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- tural Method: of transforming an Equation into another, in which we are 


M BT I c K. 


'$pECIOUS: AR. 


Dim ſo which * 
r firſt propoſed. © I Fer hes belek . l © 1 
. | 01 22 4 CL 
Whatever Efforts the Analyſts have made, to > find 2 ee Method fab Reſolotion 
2 Problems producing E quations of every Degree, beſides / thoſe ex» of Eque- _ 
preſſed by ax b, and a + bx"\= e, they have not hitherto: ſuc- E e 

P except tor fwch as produce Equations of the third and fourth Des degree. 

which we ſhall proceed to explain, beginning; by: the Reſolution of 

ro blems, producing ur e of the third Degree. © ö e N 

| C XN TTL . 

The Compound Intereft of „en Sung 4 Money, put out 5 4 1 5 


amounted to a. Sum a, but the ſimple. Intereſt thereof for the ſame Time, and' 
at the ſame Rate, would have mw a "Cum, b. ee kg og n _ ** 17 


A een of Intereſt R 3-4 FF 


Loet y denote the Intereſt of rh for one Song FY re b fines the gi „ 
Intereſt of I . for 4 Years, i is 495 and the rg; be- ſntereſt 12 2 r 


by the Natureof the Queſtion ee 6 A = 2 4b 


| from the Reſolution of which Equation, . 7 will be- AY n oeh; 
the Rate of Intereſt required. e an 
ö N | "CXXIE. LE | a2 14.24 
Let in General the Equation to be ſolved; be „5 ＋ ay "Y ey: Ty as = 0, 1. daes 5 
if ; we could reduce this Equation to another, including only the firſt and laſt the wake. 


Term, it is manifeſt that the Equation would be folved. Now the moſt mu- egit dh 
7 the third. 


degree. 
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left at Liberty to make ſome Variation, is to ſubſtitute in this Equation in 


_ the Room of the unknown Quantity ſome other Quantity, in WEE Aa W 


is left undetermined i in order to make uſe of it at | rreer Ted 
Fenn 
| Let then x + r be ſubſtituted 1 in this Equation, in- the Roden of 7. W „ 
ee will relult & + (3 r + 4) xx + (3r r + 2dr + 6) A Tranfor- 
Þritdriber+f=o0o. Astr. in this Equation, is at our Diſpoſal, it is meme of i 


eaſy to perceive, that oy its "Means, _ Tem ay de tab _ out of wa a. 


11 nation. N r term ie 
Eq | taken n 


Let, for Example, 3r +0 put =0, Se Ci 4, and the from an 


7 ar - Equation. + 
1 is reduced to 5 ＋ e — x + IS 4 * + 7 05 
the ſecond Term . if Af. EX 2 a + e be bt S = ,. o e ; 
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It is eaſy to conceive, that by fubltitating & + bale, 


xerox Tas cow babe wal; ET Er bo | 


' ' formation, we have not entirely effected the Reduction of the propoſed 


Equation to two Terms, 2. leaſt the Queſtion- e more 


Of the two 3 Equation that reſult i . away V the; the 


2d or 34 Term, the firſt, x3, + (e— S)*+-2 « 5 + f = 0 


nd oh 3 
is the moſt fimple, which we ſhal{ therefore c to reſolve, 
by fill trying to diminiſh the Number of its Terms: but before we 
proceed. to this Reſearch, we” ſhall explain how' the Method. employed for 
| transforming | an Equation of the third Degree, and ane its 
intermediate Terms, may be applied to Equations of every N 
Dr. 
I., for Example, the Equation puny be 51 73 +b 72 + nc; 
The forego- the. moſt general of the fourth Degroe,!! ſubſtituting, x” * r in the Room of 
ing trans- 5, there reſults. 
VfIfß +{6 +30 +) Hr 3 ara br x 
quation of +++ 4 75. + Ter A= O. 
the uril a which putting 4 T er e a, there vil cad: an Es 
degree. ; 
| tion of the fourth Degree wanting the ſecond Term. 
8 In like Manner, if r be determined. by Means of the Equation 
$ Gb +347 -+:5.= o, there will reſult an Equation of the fourth Degree, 
wanting the third Term, the fourth Term in like, Manner, may be made to 


been vaniſh by ſolving and Equation of the 3d Degree, &c. But the Analyſts ſeldom 


commonly of never take away any Term but the Second, becauſe the other Terms 


exterminat- Annot be taken aN wirhaut employing! Calculations ene 8 
Radical. 


ed and Why. 


t enXV. 5 
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renner 4 T 7 for y, there will reſult x 54+ (5 r 4. a) & + &c. in which the ſecond 
. — Term will by taken away by ſolving the Equation r +a o, or putting 
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degree. r — or a: and | in General, in an | Equation of the mg. Degree repre- . 


In an Equa- | ſented by y +8 2 ＋ 5 5 4 Kc. =0, if y be put = x+r it will 
tion of the be. transformed inta x" IN ＋ a . &. whereby it appears 


i degroe. that the ſecond Term may be taken away; from the n Equation by 
| putting we * — — | 
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1 to which the general Equation 5 K 4 f. +2 + Fa wisreduced ee 

A bu putting y = = 2 d, and @ horten . e, lat; is. be oe |, + 

: ”. preſſed thus, #3-+ pw 4-9= 0. - wat, _ 
Purſuing the ſame Method already . let the. foregoing N 

: be again transformed, by 27 for Example, u + z in the Room of of the gene- 

| E, not with a View to take away a Term of this Equation, as before, for it 7 a 

2 would ſoon appear that the 'Term taken away would return, but to reſolve =o. 

I * this Equation into others more ſimple. Without perceiving that ſuch a Me- 

2 thod would ſucceed; yet it is manifeſt, that the Transformation of an E- 

3 K U. into another, in which a Letter i is left undetermined, cannot bakbe 

: 
"u+z being ſubſtituted lor . an rafiiſes 53 wþ 4 4 1232 

| + z Fpu+pz+gq =0. Let one of the ee Quantities 2 * 
+ or ⁊ be ſuppoſed. dach, that 13 + 2 + g = o. In this Caſe we will have 


f | 382+ 3 +þu+ þ8=0, which being divided by » + 5, gives 
| Ju 2 ＋% o, or — 1 By which Equation, one of the unknown „ = 

. Quantities introduced may be exterminated; to find the Equation that will . 44 
4 determine the other unknown Quantity, let this Value of « be ſubſtituted oo 07/1 1 
in 1 e 15 T 5 17 = dy and there will reſult „ 
7 Tr + +0 =0, ors +9 5 - whence is ae. W 
— . K Fs n+ Coal ROE. BR 
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| ba [4 7 a ( F + + 35 135 for ith 1 to N th product of 
*#7 x * (4 + = ino + AE (497 t com. a 1 
ſequently - = p is the Product of the cube Roots of thoſe Quantities. Now, : -_ 


1 
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adding — theſe Values of u' and 2; we will have u + = or ..."* 
n= [3g +/ t ot 
*= VImHo#V Bf + th N—=dd r -- 


for the Value of x will be the lame, whether ns Radical vy (3 * ＋ 57 1 
be Roe FAN or RE” | : 


* 
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CxxV II. 


The 1 Formula expreſſes only one of this Vaues of the three | | 


rhe foes BR 2k of the Equation, to find the two 2 Nt we muſt divide the Equation 
expreſſes x3 + þ x + q o by the Root found, and the Equation of the ſecond 
only one of JJepree that reſults for Quotient, will when walt, give the two other 


the three 
Roots of the Roots required, 


equation. To find the general Expreſſion of theſe two Roots, I put; i in order 


to abbreviate the Work J [4 72 + V (4299 +& #?) be m and 


23 II + (4 99 +3 59 2 n, then obſerving that mn =23þ and 
Method of #13 — n =q, Idwide the Equation x3 + px + q=obyx + m—n, 
inveſtigat-» and there retults the Equation K + nx — mx + mm nn + mn = 0 


zag the tw — 
eres, whoſe two Roots, are * 2 — INT —3, or 


* 2 A (% 3, f N- £99 + 27601 
+ BY [43 ＋ (3 99+ 27 PSI 2-1 7 7 77 ＋ 2 27 PN IXV=3 * 


which are neceſſarily imaginary when / (4 6* +5 75 55) isa real Quantity. 
cxxviII. 


Caſe in 


which the The foregoing Solution of Equations of the third Degree i is lia le to this 


value of x Inconveniencv, that it gives no Value for x when / ps is negative, -—q 


cannot be 3 
covered greater than 2 99, in this Caſe, the Value of the Quantity / (Sf + 3 
* is imaginary, whence. the two Quantities \/ [+ 9+ (34+ WET 

the forego- and — I/ [$9 + / (& 9* + 5 3)] which compoſe the 3 1 x are 


2 o_ imaginary, We are not however to conclude, that the Value of x in 


of the ima- this Caſe is imaginary, it being rea, as may be proved after the following. 
Sinary quan- Mannner. 


db Letthe Value V/ [—$9+ (£7 + IK N art A 5. 
of x be reſumed, and let a be put in the Room of 4 9 and 5 / — in the 
Room of / 4 99 + «7 f?) ſuppoſed imaginary, and there will reſult. 
x=Y/ (>a +b4/ —1) - (a eu ) Now i/ (—a+b/ — 1) 
- if u4/ (a+6by — 1) being reduced into Series by Means of the 


wh Th binomial Theorem. 


of x how- 


ever in this | The firſi will become — 4 + Zo” 7 37 — Ele 2 3.32 


ee. | 7 2 12 nee 
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35. — &c. and will be = 
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$4 4 92 = «Ce. 3 N N.. 5 4 96 
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, V TS, OO wa 1 
b e Eaptin 
tice real. . 2 
berefore- when 1 p3 is negative and greater than 2 99; $ Value & 3 1g 
W[—=+;+ (of +39 a N 169, BY _ 
of x, though exhibited under an imaginary Form, is however real. But 
Abe Analyſts have not been hitherto able to give it a real Form, without ad- 
N an 8. nee of Terms! in ĩts Expreſſion. | 


OI. e 3 
Though the Value of x cannot be determined exaQly, we may ae Method 0 * 


approximate to it by Means of the foregoing Series; for ſuppoſing a greater e 
than 4, the Terms of this Series will decreaſe very ſwiftly, and a few of the valueof « 

firſt Terms will give a near Value of the Root re vired. But if a is leſs IR 
than &, in finding the-Value of 3,/ (54 +by —1) & V (abby —1) 

by Means of the binomial Theorem, 37 — 1 4 be put for the fuſt 

Term of the Binomial, and for the Second, and there will reſult for the _ _ 


Value of 2 or of 27 (ob / —1)—= 7 (a+by —1), hy Quantity ions 
PRE. 3 . 4 2 34 248. . 
e e + £67 eee ee, 
] „„ we. 374 | N 
. FT 273 203 er ec 


a 3 3 1 ; 
Expreſſion entirely Real, ad 2 25 Terms decreaſe fey. f wiftly, when, 4 
ts lefs than 5. | 1 
exxx. N ; x * Fe 


ot . n Roots of: the Equation. x3. « x 1 2 2 o, 1 The in: 


other values . 


4 * 17 ＋ 477 ＋ #8) ] — 4% LTT TYAN) of &, are * 


Al LI GET IV- GH 3 N | 
are both imaginary, - when 7 ( 7 7 7 ＋ 27 P) is a real Quantity. W 
ſhall now fhew that theſe two Roots are real when T (9 T 77 3.) 


maginary, that is, 7 — þ is negative and / Ps is greater than 
= Fer charging by Means of the 'Denomipations already . : 


the Expreſſion of thoſe two Values of y into 4%/ (— © U —1) |. 


—Þ/(a+3/—1) E430 (a+ —=1) +4 3 matb/—IKV=3 
=> e it ty: ANY WITT fr. 104-8 the two We „ 
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| enn. 
Ho from As the mal general Equation of the third Degree repreſented by 
CCC 


tion x3+px de 
Se — = + f=0, or to +þ'x +9 = 0, by ſuppoſing y=x —-- 
boots of the jt Flows that the Values of y in the general Equation 33 +d k of ＋e z+f=0 | 


III. will be found by reſolving this laſt Equation x 9 PEE 9 o, and de- 
20 75 ene eee. 4 B 


c xXX III. 


„ eee appears, that every Equation of third Degree has at {leaſt one 
"uh Eque- real Root, and that the two others are either both real or imaginary. 5 
lege genre. To diſcover which of thoſe two Caſes happens in any propoſed Equation 


hird degree 
hs hate - of the third Degree, the ſecond Term mult be exterminated, in order to 


teal roots, of compare it with the Equation 45 + * ＋ 22 o; which being done, if 
15g pe e be poſitive, or if negative, 2, 53 is not greater than 2 4 75, the Fetch 
- poſſible will have only one real Root expreſſed. by the Formula -of "Art. cxxvl. But if 
roots. p is negative, and / ps is greater than 7-9 9, the three Roots will be real, 


How to di- but cannot otherwile be determined than by Approximation. 


dee, II 2, $f is megaive and equal u. 4 g q the fſt Value of expreſſed by 
* . ＋ 7 60 1— Ji. + 0% 
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=_ roots 


we ITIL VG - Lr „AT Hz 
ee Pp reduced to t /K . Oanßedvealix in d Gul the: eee, 


4 1. 1 19262146 wa 
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To ſolve the Equation gf +43 +69 = PIR 3 by the 


ication bone Problems Let a 344,81 32 +320 13 "whereby this Equation 
ofthe — is transformed into * * 4 * ＋ 6 Iu 0,310r257,” Ifirſtexterminate the 
hots to the ſecond Term by putting F= = * ES , „ and by this Subſtitution there reſults 


| reſolution of 
wad Yor ty 22 the Equation & + 0,666 x — 3, 569384 = 03 which compared: with 
| * +p# + o, gives 2 ="0,666 &c and q=— 3;559984:" thoſe 


Values being ſubſtituted in 39 64 4 7 + a7 53), this (Quantity hooves 


—. 
14 


| Nature 
ens „II LAG TT EDI [—b7+v (299+ „e 


4 Tag 
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' ceedin this Caſe, ſubſtituting in Effect the Values of p and of gin the general of 3 third | 


Formula / CTV ff + #99]—34/ E) F off = 
woe will have «= 3,/ 896 - 3788800 -= 34/ — 896 ＋ \/ 3788800, the fore 


- 896-7 3788800 is the Cube of 2 / 148 and — 896+4/ 3788800 is 
the Cube of —2 + 4/ 148, whenee the Value of x is . (0/4, whence: | 


272 1. Boles ONT „ * 5 3 0 
, 2 Kb 75 7 n S x 
Pets 4 Oe >; 1 8 * Ir # 133 
, : 4 4 ; 
* A + . 7 4 * 5 
* * 2 * - * = 4 
: þ 4 : 1 


"$PRCIOUS: ARITHMETICK. 


5 307 1 whick is a real Quantity, whence the Value required of * will 
be obtained by Means of the Formula of Art. cxxvi. Subſtituting therefore 


ö in % % Ar- (499 ＋ J, 


— 1, 784692 for + 9, and / 3,9538 for / (4494 + 53); this Value of 
x becomes / 1,784692 + \/ 3.19538 — 0 — 1,784692 + 73519538 
and ſubſtituting this Value of x in y = x— 1,333; &c. there reſults 
3=Y/ [1,784692+\//3,19538]—/[—1,784692+4/3,19538]— 1,333 
=, os, which is the only real Root of the Equation, therefore the Rate a | 
en was 5 per us. and the Sum put out 1600/, _ | 
e » - ons 

* Every Equation. of the ſixth Degree,. in. which a Dimenſions of the Equation ef 
unknown Quantity are all even, may be reſolved. by the foregoing Method. the fixth de- 
Let for Example, the Equation 26 + 9 2*+39 zz + 55=0, be propoſed; te 
putting zz equal to a new unknown Quantity x leſs the third Part of the one of thee: 
Coeficient of the ſecond Term, that | s, putting 2 X— 3, the Equation third. | 
will be transformed into x3-+ 12% —8 = o, which is only of the third 
_ and wants the ſecond Term. | 

omparing now this Equation with x3 + þ x + q=0; we have þ=22,.- 

2 = — 8, and Oy i Mug 4 97 f = 4/ 80; whence K 


er 17 f 5 2) J=3/ [ITC 


=3/ (4+4/ 80) — 397 (80 - 4), and fince by  Suppoſition  _- 
E 3, or z Y (x — 3), we will have the unknown Quantity 2 


ſought x = + / [3/ (4 ＋ 80) =3/ (80 4) —3] and the 


- ͤ— - * 


on * — — eu by this Expreffion are the only real Ones of the Six that 9j — ̃ 1 | 
i ol Eaten admits of. 7 in like man- 1 
wor 33 


uations as 23" + az LIT, Te So, i is reduced to G 


one of the third — wanting the ſecond TOY 4 putting 2 4 4. 
exxxv. | : 
Ee it be propoſed to divide the Number 24 into tue ſuch. Furt, that = I : 
pf of their Cubes may be 3584. OE LOT 
t 12 + x expreſs the greater Part, and 12 —* the Leſſer; then will © 


(12+ #)3 — (12—#,)3 = 3584- That is, x3 ＋ 432 * = 1792, which n 


being compared with x3+p x + q = 0,T find p=432, q=—1792, and as Problem 


pis poſitive, I conclude Art. cxxx11. that the Formula of Art. cxxv1 will ſuc- 5 


which by the Rule of Art. LXXVn. will be found to be reducible, ſince 8 = 


e Numbers. 
„„ | 40. 
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MENTS OF | 
M bat two Numbers are thoſe, whoſe Product it 98, and if from the Square 
of the greater, the leſſer be taken, the Remainder will be 90. 
| * Suppoſe the Greateſt, - and y the leaſt of thoſe Numbers, then 
Problem x y = 98, or y = >, & * x —y = 90, ory =x * go == 
producing He eb ty + 7 „ 1 „ 
an Equation or #3 — 90 * = 98. Comparing this Equation with the general Equation 
of the 1 5 x3 + px + q =0, we have p == — 90, q=— 98. Now p being negative, 
| _— be and r þ3 being greater than 4 q 9, the Equation cannot be reſolved by the 
| ſolved by foregoing Formula. I therefore employ the Method of Art. Cxxix. to find 
#3 3 an opproximate Value of x, _ 5 5 . 
1 Ĩ?0o this End, I ſubſtitute for p and 9 their Values — go, and — 98, 


. 


cxxvi. ; | | 8 3 ay p 

in & =3/[ - (r PtHz 494) wit vv (ir ff +3 99)] . 

and there Reſults x = 34/ [49+//—24599]—- — 49 f (—24599)] | 

which compared with 3% (— 4 +b/—1) - CA - or = 

20/4 22 R eee ee gives a = — 49 | . 

CC = 

5" * . e = + 24599, which are to be ſubſtituted in this infinite Series. 

. Subſtation, I 6rt ena the cube Root of 24599 t0 
ing to the _ FR" OI 37 which I find to be nearly 29,08, and conſequently = or 

Ha 3 by CLOS is nearly . e 70; O 

5 the forego- 34/ 24599 , „ 60902. , | „ I P 

ia problem Squaring afterwards a, and dividing it by 5b, I find Y to be nearly _ 

| o, ogy6, whoſe Square 0,00952 is the Value of 45-3 as to the Value of 3 

. 0 25 5—and of the higher Powers, they are to be diſregarded in this Series, which | it 

"= | N 8 „ w 

if converges very ſwiftly. Subſtituting thoſe Values of - , I in the infinite th 

F Series, I find 1,104 for the Value of x given by the Formula of Art. cxxvr. 125 

tto obtain the other two Values of x, which are alſo real, Art. cxxx11. I divide * 

75 the Equation x3 — gox — 98 o, by x 1, 104 and there reſults for in 

. Quotient & — 1, 104 x — 88, 781 with a Remainder o, 142, which may tel 

be rejected as exceeding ſmall. So that xx — 1, 104 x — 88, 781 S, = 

may be conſidered as the exact Quotient ariſing from the Diviſion of 1 

s — 90 * — 98 = o by x ＋ 1, 104, and as the Product of 3 


3 the two Roots ſought; reſolving therefore this Equation, I find 
1 E =0,552 ＋ 8, 0857, that is, + 9,990 and — 8,886, conſequently, 
E te three Values of & in the propoſed Equation x3-— go x — 98 =o, 


are — 1, 1043 + 9,990 z —8, 886, whereof the ſecond only ix or our 1 1 


that by putting m = — p, if 9 is poſitive, and m= N b, if g is nega- 


1 2 age 


- 


$pPECIOUS ARITHMETICK. 


niency to 


Purpoſe. which the 


The foregoing Method of reſolving by Approximation, ste of the foregoing 
third Degree, whoſe three Roots are real, is liable to this Inconveniency, Method of 


approximate: | 


that when à differs but little from 6, the Terms of the Series expreſſing the ing te the 
Value of x, decreaſe fo ſlowly, that a great Number will be required to roots of E- 


give a near Valueof the Root, whereby the Computation is rendered ex- e of: 


treamly Jaborious. To remedy which, the Analyſts have ſought a Me- ge, gree is 


thod in general more { commodious in PraQice, which- we r gene liable... 


o epi... | | | : 
cxxxvil. 

ae this w "he the Equation & ＋ px + 9 o, or ratlios 

— p % = o, ( che Caſe in which the Method f Art. CXXVI. fails, being 

Pet among thoſe in which p is negative) be reſumed, which - 

for greater Simplicity I. propoſe -to reduce to this Form, 2.— 2 = of 


to effect which, I put x = mz, which transforms the Equation ; 55 


x*—px +q=0 into 23 — — 2 — 4 whence i it appears, 


tive, the Equation ** — p x A 2 = O will be reduced Fo the Form mee pg 

* — * == Fo ”  thodof ap- 
I now obſerve, that if this Ene be of the Number. of thats that proximation. 

cannot be ſolved by the Formula of Art, cxxv1. r mult be.leſs than 34/4, modios 18. 

or / gr, and at the ſame Time one of the Roots of the Equation muſt be practice. 

poſitive, and greater. than'Unity, but leſs than 4, for if z. exceeded / 5, 

there would reſult for 7, that is, for 2 — Ez a Number greater than \/*-4,. 

and conſequently the Equation z*— z r, would be of the Number 9 a 1 

thoſe that can be ſolved by Means of the Formula of Art. cxxvi. ** 
This being premiſed, I put à = 1 + & and ſubſtituting this Value "uy $57 

the Equation z*— z.= r, there reſults —r+2F+3 33+ = o, 


which: multiplied by four Terms of the Series 1 -Þ 48. + BY + C33 ＋ Nc. 


the Product will be 

ee +247 BJÞ+ uit | 
\+(4+3B+20)#+(B+30)8 +08, 

in 8 the third, fourth and fifth Terms may be made to vaniſh, by de- 


wy; „ and C by Means of the Equations 3 +2 4—r B = o,. 
13. r 4+ BA nn nen 


St 2 2=+%,0=20+ 38 +4 
1 2 CIT” af 
34.4 2 ES I * 2 = 


7 


ef * 


Dug Ty nar 27771585 Ire . 
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a EF "ELEMENTS OF. 
- which 5 ſubſtituring the Value &f B becomes 


L171. [2+ + 3] > x 4+. 
FO 5 +7 . 4 ＋ 7¹ ＋ 2 = O, re wike, 


* eee 12 +9 r+ dana whence is found 


T +- 
""B+12 Pri * r . — l 


| ſubſtituting thoſe Values in the foregoing Equation there reſults 


16+ 364 +137. 31 —6r J Ic —r | 
—r + - 8+1 27+r* IK -| = |» izr 0 =0 


which by rejecting the two laſt Terms as exceeding ſmall, is reduced to, 
+87. + 1a + 13. = (16 + 36+ 1. EE Lube hence 


'S & FT , Conſequently 1 ＋ or æ 


10+36&r+137% » 
£5 | CXXXVIN. 
To diſcover the Error produced in the Value of = by" rejefing the 
| 31 —6r 1. — A 
Terms — $+ 125 Fro ae” E EF rzrFr7 55 it ces" to try 


1 i that Caſe.in which thoſe Terms are greateſt, let then z or 1 1+ © be ſup- 
The forego- poſed to be equal to / 4, Which is greater than can ever happen, when the 
lg propoſed Equation is of the Number of thoſe that cannot be ſolved by the 


of approxi- 


mation give Method of Art. cxxvi. in this Caſe r = 3 V , and the foregoing Method 


the value of 
Faden vil give for the Value of 2, 9. instead of the true Value 


fifth decimal 14521797277 


place. 
; of 2 now it is eaſy to perceive that theſe two Quantities differ ably by the 
. z; one ten thouſanth Part of an Unit, and this is conſequentiy the greateſ 


_ Yervr that can be committed by 1 ing — e = for the poſi- 


tive Root of the Equation 2 — z r, if this Equation be of the Num- 
ber of thoſe to which the Formula of Art. cxxv1. cannot be 3 


* After the Value of 2 1 been computed by the : Expreſſion 
«6+ rp2n +13 "it muſt be n *% to obtain an 


16+ 36r +137 
approximate Value of x, 


AT. 


ihe laſt Vie is * _ to PN 


9 


srrerous ARITHMETICK. 


3 xxx. 
Tf ll 8 SR! of Exactneſs is 1 154 more Tem of the 
Series 1 +48 + BNA wo &c. muſt be _ _ Now, it is evident 


that: in of Fes, 2 7 = = 2+ * IL + 55 


Mes 24 1 
Subſtituting in the firſt of thoſe POR B=— „ 2 and 7 Method of | 


approximate 


| for 7 and reſpectively, it becomes B = 24 + q, this Value of B ing tothe 


value of 


8 — 
wrote in the ſecond Equation C.= — + —= + — Sives 7 1 
625 392 4.5 _ + — 34 + 2, which * ſubſtituting R — 


H e dt eden bee K AE | 1 
| Thoſe Values of B and 0 ſubſtituted. in the third Equation, gives 


- iv 24. * EL, += 12.4 + 2 +4 which by ſubſtituting 


8 and 4 for 2R +3240 7. — 2 e — 


SA vs 
After the ſame Manner the fourth Equation, will be a” * 
E74 U by fubſlitating T and ? for WET er „AA.. 
pete M 0 oo ie 4. : rv 
|  Whence is derived the closing R Rule for obtaining an gem. 3 
to take in as many Terms of the propoſed Series as you- pleaſe. . Put wt 25 [ee 
2= 2 R —— ; 5= £32 2 s ten 
7=3 27+ 1942 e. "oy e, oo 155 n 70 | 


% 


- Divide the laſt of r r, 4 % 1 by the 


%. - 


ELEMENTS or. 


of the Series 8, &C. then - * * 5 „** 
a of mou 2 * W * x 


re 5 E i 5 —, | 3 3 
2 N R 3 oe 7 1 L450 


SIE fo many diferent Values of „ whereof each is more exact than the 
Preceding One. | | 


G. 
To ſhew the Noni of the 3 2 by an E- 


Application ample, let the n, 23 = — = 7 be n. 


of this Me- 
thod ö | ; d 
Bxample, - e I = = 9, = =3, 32 21826 „ R= ATA as, 


2 p32 + 7 2327, 7 =- 48 * 2383, | 
JJ = — :7+35+8 D OT e e +4 


Fry 
5 "PF N ; 
| au Therors * $:-9 3 + * 327 "3; 


17388 . 
. 3 
U 


There are «Bs Nun bers in geometrical 3 
the Sum of their Cubes b; what are thoſe Numbers. 


. ol If x, * and z denote the Numbers required, then by the Queſtion 
are ＋ 2 4, x* + y* + z*=b, or by Tranſpoſition +2 =! a—y 
x ary and K* +; 2355 b—y* & (x + 2)3 = 229. 3. Now the Difference 


7 — 22448. From -whencs à = 0 , 137158, and mr 


thismethod, of thoſe two laſt Equations is 3 * + 3 x2*='a*— 3 at y + Fayi—b, : 


n o. 


* 


e und 3 be ſuch that a*= 13, 4 2 Then will the 


* 


andes be rranaformed | into N 13, and ſubſlituing—s * 13 


£# 1 nene 


Ws 0 ok 


# 


by 9 srrciobs ARITHMETICE. 


Heat will become 242 = f. 12 „ whence 2 is deduced, and. | 
conſequently y== 3,784341, &c. „„ DE tt _—_— 
8 B 


D ree, we ſhall proceed to explain the Methods employed by the Analyſts - 


Sum of the Biguadrates d, of any four Numbers bein ioen ; 10 ame, | 
_ the Numbers. bs $ Y SEL "Problem 


B 5 — ub, C=c— u3, -and D= ED bd From whence * the complicate 
Conditions of the, Problem. 8 degree, 


the firſt, we ſhall have 2 x -+2x2z + 232z=A* —B. 


Square of the 2d, we ſhall have, 2 at * +. 2 x*2*+ 2 7 E R BY — D. 


Double of the Latter be deducted, there will come out = 
8 *y52+8x2+82: xy=Ht—2 4 B B= +2D; | ..* 


or, 8 & 2 X (YT) = A — 2 4 B N + 253 
whence, & g = — 


* ＋ Ti . t , BB. by. 
The Double of which laſt taken from the Precedent, leaves; „ 
6x yz — 2 x3 — 233 — 2 23 =4 — 3 43, and this added to. EN, 2 
2 x CO +25 = 2C,givee6xy2z=B—34 B20, = 
, Li=2LI=mmed 
2 A by — 44 — 6 4+ B48 AC+3B* =6 D= &: ee br 


1 


„ eing ſhewn how to ſolve Problems EP Equations of the third. 5 


for ſolving Problems producing Equations of the fourth Degree, of which 
the following is one of the moſt general of this Order. 
The Sum a, the Sum of the Squares b, the Sum of the Cubes * Rl) the 


— 


Let the four Numbers be denoted by 1 2 and 1, and put 4 a — u, fu. Equation 


moſt 


x+y+z = A, x1 + y* + a N 43 +5? L233=C, 5 th 
Now, if the ſecond of theſe Equations be ſubſtracted from the Square of 


And if, in the like Manner, the fourth Equation be ſubtraQed from he | 


Moreover, if from the Square of the former of theſe laſt Equations, the 10 05 % 5 | 


Lee ene e BY 


| 8 ä (becauſe x +3+ 4 
Again, by multiplying the firſt and lin i abc into each- other, we get 
2.x*y+2 x* 2-2 5* x +25 XT x+22* y + &Cxyz= B—EAB, _ 
and by multiplying the firſt and third, Equations together, there ariſes e I | 


In which Equation let the ſeyeral Values of 4, B, C and 8 


meet 
* [3 * 
5 ok 
3 
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1 el las: 20 Whoſe Roots Anfver 


| 2 ore 
: alt the Conditions of the Problem. 05 
3 | CXLII. 
1111 in Fe Br u Fo au3 þ bu*+cu+ g 0 a all Eiquicdova 
| Reſolution of the fourth Degree, the Difficulty is ſoon reduced to ſolve an Equation 


of the gene- repreſented by 24 * 5 2 + 9 2 +r =0 by putting 1 2 — 34. . 


TaFEquation 


_ofthefourth Now, the Manner the moſt natural of attempting the Reſolution of 


if 


128775 © this Equation, is to conſider it as the Product of. two Equations of the 


' ſecond Degree, aud ſo contrive that the Determination of the Coeficients 


affeQing the Terms of thoſe Equations of the ſecond Degree, depend on 


Equations eaſier to be ſolved than the propoſed one. 
tfirſtzz+ x2 ＋ S o be taken fot one of thoſe Equations ; z it 


is manifeſt that the other ſhould have for ſecond Term — & &, ſince the 
Product of thoſe two Equations ſhould give an Equation wanting the ſeco 
Term. Let then 22 — * + Do, be taken for this ſecond Equation, 
multiplying thoſe two Equations into one anether there will reſult, ._ 
8 ＋ (i —x-*+t)s82+ (5x —tix) =+t;=o, which being 


compared with the propoſed Equation, gives for determining , t, * the 


three Equations : — K + f =p; Xx —tx=q;ti=r. 


To make Uſe of thoſe three Equations, I multiply the pie by », and 


tben add it to the ſecond Equation, and there reſults 2 5 x — * = p + g, 
whence is deduced 5= -f ELLE, which ſubſtituted io the Equation 


2% 


Sr „ and ſubſtituting "thoſe two Hons of 


| TheRelola- 4 = =7 gives = —3 Ff 
Equation of 5 and f in the Equation * — f x = 9, there reſults at ng 


the third de- 0 | 
og 2 == pt 2 — "x3 LECTIN 7 ns 2 ee 


: my — f fourth Degree is reduced to that of the Third, for this Jaſt —— ( which 


the Value it gives for x, in the Equations 2. — * -E = = 0, 2% Fx EHE. 
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or rather in S EGS % 3 * * 22 + 
+ xs +— — — e, and afterwards idle dels Equations, 
e 
| 2 „in the Rovts 
of thoſe two. Equations, ahd 3 deren A 
24 + p22 ++ 22 47 o, and conſequently ef the propoſed. Equatiods 
uf uy + ub N c * + dz: © will 0 ned. es 0 ini 
1 do wi belt et eee e eee 
n appears 1 firſt View, From the Exprefitonof thoſe, Fakes; -that ke wee 
48 Degree, a in the Third, one Expreſſion cannot be found for all rhe 
Roots of the Equation. However, when it is obſerved that the —_— 
included in the two ſoregving 1 is neceſſarily a ſquare Radical 
ſince it reſulted from the Reſolutioh of an Equation in which & is always of 
an even Number of Dime it will eaſily appear that each of ale 
Expreſſions my denote __ _ the f _ ao: then expreſſed thus, 
z= Ex X 4 and the.” 
4 7 £55 22 c 2 
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Since the Equation from whence is deduced the Value of *, e 1 

dpi Sahwr:of ie Seetgitnd:by the Syn + ; and-there is no Reafon of e 

referring one of thoſe Values to another, beſides, it is known, that an 

| Deion of the fourth Degree cannot have more than four Roots, it ſeems 

"Let which natural to conclude, that any one of thoſe three Values of & preceded by 

Roots of the the Sign ., ma y de employed indiffereatly, and ſtill 2H ey 
| reduced for the four Values of 2 be deduced. 

— ws. ror To render this mani feſt, the molt -natural Method | owl: be ts 

— find the three Values of * preceded 'by - = given” by the Equation 

= als 4 . f 2 pat + (tf =4ar) f—=Þ= o, and ſubſtitute them one 

. ult 6 1 FEE) $35, 38S 


= SCC = 


| uire is ſo lo 

; l we ſhall t 
1 this Tnconveniency. 
435 I obſerve firſt, —— + Vale of x alia, in ag 


e oeiticg” 2 +34 * r 1 dhe ſour Va- 
Iowa of a axpreſied at once by Gi. Qyaptity, may be repreſented by + kh, 
Wh - | $— tz,-i+1,—7—1;,or what amounts. to the ſame Thing, that 
1 3 the four Roots of the Equation z* + p zz\+ gz '+ r =o, may be re- 
Ws ' preſented by z - 1 — l, x -i + z i-, Zi; 
denoting the Part + of the Value NN CY on 


iert. mulbphing 


% © Sa 3 IX F 


dee dds four Ron into en gather, there ral the + quite 


1 jo , $PECIOUS Ait TICS Tp 1. 
4 — (25 14 441 T0 - a /) K- in fl A =0. 
A ch compared with 2 + y A 92 K o, ges the Equations 

5 Sa , ali B+ 2M, r= —AB = HA, 
by, Means of which, the Equation e HAST * e er . 1 85 1 
is transformed into. p 2 1 2 F . 1 
* Tal- T az 8 FN 188 —4¹ hb i ＋8751⸗ 2 =o 

ad pi Ca ym ys rage * 
ee au pee "th ce hrs as: four e 2 bs . 


e e e Pe xt 
156 2 W ee 5 


„„ RIES RT 5 D. & ther 


will ſtill reſult the ſour Values of z, 1+ 11 — - 11% . . 
ef $855 111 rie of {1 VIE. . 


a fellows, from hence,. that, the ,Roots of. 1 . the fourth's 414 


gree are. all four. real, or all four ima inary ; or wg Roots two 
| are real and the other two imaginary, for it is not polite to make any 


other Suppoſitions with Reſpe& to the four Roots of the given —— — fo if | 


| 
1 been proved that t Popnow ng onceby the fan e 
Formula 2 . l . (Ae 


| of the. fourth Degree two are imaginary, and two are real, * reduced e NN 


x6 + 2p xt + G —41) 27 0% will- be of the Number eee Si 

Equations. ſolvable by the Formula of Art., .CxXxV I, and tonf 3 in this: 

Cale the Equation z* + t EE r= o, can be, com ly folved. 

but the contraty happens when the. four Rodts are all real or fy imaginary. = 7 

: "That. this may appear, we. ate to conſider that the general reduced Equation ' © 
axb{4ft ab +2b)xt+ r... 


zs the er ute Roots xx—4/1, xx—R—2k/—/,, KH = ho 
No, if one of the two Quantities # or h only a are” imaginary, the 10 
two + et x32) — 2% u, xx 2 Il are — - why 
und conſequently the reduced Equation i in oy mien the b 5 


\ By » - 
4 MF 12 #13 


mula-of Axt. W.. | 47 9997 
But if k and J are both real, or boch imaginary, the three Roots 7 The con- | 
* 411i, „ —th—2 Him MH, xx —&# + 241 
duced Equationar:u be all three real, and conſequently canndt+ rok: obtained 'b* 
by the Formula of Art; .cxxv1. 00 in the fourth Degree as n the Thi real — 


the Formulas of the Reſolution can be R only to Equations that have imaginary. 05 F £ 


| dre inven | = 
| | S 3 LEES If - | 1 2 
It follows alſo from hence, that whenof the foul Abr G 20 at 2 _ 


W 
. ˙ͤ:— ⁵² U * — 


hes RE ELEMENTS or 


RI % _— x | 4 2285 25 145 -CXL 1 5 — * . — 1 2 FE a 
MK RN ei vn „ X > * 1 pg? * 


nen e d. Wied au Equation of the fourth Degree i bs be 2 | 


aſe of th 
four real Gs Deen fotrnet;: if it be found to be of the Number of 'thoke that are not 


roots from. reſolvable ber Formula of Art. cxxv1- and it is propoſed to find whe- 


. tioguiſh the hy its Means the reduced Equation x5 — 25 * 44 (6524 Da-, 


bent. "ther in this © 
nary Sir, it may be thy amy from the two following Obſervations. 
Fg RY When the four Roots are real, the general reduced Equatice 
of the four ary fend - TH) (82 TT); -A-), =@ 
e neceſſarily the ſecond Term negative, and the third Term poſitive, 

 fince— 2X (2 +4 + ) can neither vaniſh, nor be poſitive, when 


i, K, l, are - real Qentities, nor can 8 ii x (E) r 


„ likewiſe vaniſh, or be negative, under the ſame ReſtriQtions. 
; 20, But if the four Roots are imaginary, or what amounts to the ſame 


Conditions Thing, if & E and /, are negative, the reduced which is then expreſed ths, 


2 hab Pak) TIN cet T— 80 Nr —4 PIs, 


cannot have at the ſame Time the ſecond Term negative, and the third 
poſitive, for if 4 ＋ I is leſs than a which would render the ſecond Term 
negative, the third n n *2 
VUVu.ll be neceſſarily tine. . 4 le 
* 


| Thelnſpe&ionof the Equation#*—{2 1 þ 4 Z 3 * 
wen in the Art. cxLvx. furniſhes an Obſervation | wheret 
gap may be di ſcovered, if an Equation that ſhould have its for Roots 
either all real or all imaginary, is in the firſt of thoſe two Caſes or in th 
Ever), « of ſecond. The Obſervation is, that every Equation of the fourth” 


Equation 


che fourth wanting the 3 Term, having the third Term poſitive, 'neceffarily con- 


degree | tains impoſſible R a Mares third Term of alt thoſe Equations repre- 


ate, bed ef U 1 + £4 ++ 11) © can naver be palitive, when ii, kb, J. 


and whoſe are politive ; that is, when the Roots are real. a2. For ai that an 

7 Equation of che fourth Degree has impoſſible Roots, and being aſſured on 

has imagi- the other Hand, that it ſhould have its four Roots all real, or all im- 

n poſſible, it is * to Perceive which of thoſe two Caſes re inks Place... 
od! "in 


ae When i has been found, hat ths Gr Rod of mh: 


\ of * . 


e e nnd 1 pere ny" 2 57 2 ge 


* 3 EY 18 
* 4 25 * 45 4 1 4 4; Sd IT 


* 
o 4 *” * 8 Fd « n 4 ” » 
— * * x E : $4 *. 1 4 x J ey 95 og 4 # 1 i SS 4 
> 5 e * 1 4 5 F E. 1 4 
, >» 


the four Roots are real, or whether they are all-four inde 


ſome- : 


are all real, one of 'the Roots of — — be ſought 


EZ 2 / ¾—00.:ꝑ:ꝙ .. 71· w. 


— 


8 4 = — 2222, whereby the B { 
+ 228's + 144 = 0, "and" ſubſtituting in this Equation 2 — 4 * ws, 
make the 2d Tormyaniſh, in will bo trans ſar mad into a- 322 —525+: 


gin x * 6 7 99 7112 2}, there reſults * Vis 18 * „ which Jubſtitated in 4 


of the Gs 
ne When 
” they are 
l. 


„ Ubere will 2 th 


Values of tbefour Roa required. . na RH V s 


o FP apply ib foregoing Rat S the, Equatien, „ 


. x = 0; N 
e au 3 yt 2 * 7 4 


1 6 4 


* will be reduced to to +16 12 ＋ 9e = * 


2 wo 


which being compared with the general Equation? +p2*+ 95 +7 
will-give, þ 33-7 5 "= 48 3 add} conſequently qhe pelieed ayce ty 
Equation will be x5 + 6 * — 183 * — 2704 So, in which exter- Problem 


minating the ſecond Term, by fubſtituting y — — 2 in the Roam of x4, ſolved by 1 4 


there will refult 3 mags 7 = 303 50 which is/ reſabuehle-by belege 
Formula of Art. cxxv3 and ſhews 20 

ae et Nam 5 of choſe thayc9n er xe, 
that þave two real and two  impoſhble. Bae. In 000 der to f 
employ the Formula of Art. CFxy1i.. to ſolve 1 195 y* 

and the Value it gives ic g 161 + 1873296)—4/ (= 1161 — 4 


which is reduced to V(rrer + 1036.) — ( 1167 ＋ 1036) or wy 2 


14; .ſobſtituung. this Value. of 


197 + . to 


EMT o 
; 2 Po ' 
the gener Value of AT 2 2174 IVA 2 70 N F 4 | 
there will reſult for the 1 real Roots of the Equation | © 
. TiC be tk —— — $9877 i | hou y 0 
a +3 S Te, Z=2 N WIL + 5 
1 * „ | a 
Hs, either 5, or 1, and br ei | 
refult ; 
Ms * — "> _ be. 7 


i 
3 
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8 
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— yy 
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hes a. — 
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—— — 4 = 1 


Wy 1 
P is +242 
Lo RF eg 
© LOW © Nr Ya; my 
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—— — n. er r 


222 fourth 
-- SY 5 15 "+ * 2 0 1 


9 bet aue e 3 ee * „een. 5 
i N : din. i He a 7:5 | 


Another SN nh 
Problem by the - Queſtion. Pats = + 9. 


ucing a 


. . * 3 ; - 
_— — L YH * 4 Phe 8 2, » and ending the” two i Micinbers 5 
: 13 | 


1 r — 2 = (« e 4— ee pimp 3 neon 45 on 


Ee 2 os 4 9 8 5 F 2 £4 8 £ 5 — 3 e. N of wes . Se? 
- g a 8 . 7 . IE 2 © " ts ot I IIS” 1 4 £8 L Heb. 
A * + Py 8 52 mY SM A; : . 
* 5 "ut R . . a 
ay 2 n : 
"XK. of A 3% 6 5 
K * 


Th The Fn (a), add the Sum of the Cubes r contin 
geometrical Proportion bein Wee 3 to find the N umbers. f 
"Let's, and y denote t . middle I ers t 


9 3 


3 4 än ; 
=will ati 


— 
— 


2 In I 
* 


N 17 ＋ 2 2 =>, 


* 5 


o tom dh the e firſt 1 


45 5 * 1 * k Se 144 {FL DSi 31 $0.9 A159 "il Jy | . 4 


8 5 6 
— ; : % * be by i a * * fes 12 121 


— 


1 7 a 
7 144 2 ” Pos ; 
Z 1 


3 he | roo 3, & ſubſtituting thoſs 
( ( 5 
tions by ReduRior,, Ei” 


N 


de i 4 2467 the fick of which 
becomes a? — 3 @*xX(u+) +3. aX(i+2 1 03 yl 3 2 138/55 1 


from whence Ihe other Equation multi | by.3 =. being ſubtraQted, there 
remains a — 3 4 X (3 be * (u Tau π . 9 =, 


yo #'2 ts N (u =: Em om, by the ſecond 


- * 


tic 164 e 7 ran Nun | e 
i; 3 wc 2 2 2 1 8 — 2 = 5 * "+uz, g whence , by Sabftitut ion 4 
Eaqyation : \ * 3 +, Lo, #187 8 = | ; 
* N n+6)= 5 22 5 > thats, 7921 and IR * 


(by putting; From which the ſecond 


$4 
232 4 
_ — IE 5 * 
20 4 23 a $5 aries 4 # ates * 5 % 2 * 


* 75 1* — 2 5 d, w | wherejn. let 2 = ———__ | orld 


* Xs * 
1 1 


"= 


os 


the. wh of 1 boon from the former Equation) berow ſubſtituted, and we. _ 
| tall be EE . , and. confequeity,, there vil, Rn. = 


0 = &=0 „due a = an whence mill: be ſoundſ. . 
" 6 : 


pe" rcriou . ARLT HMBTICK. „ 

| "Os... 5 „ 

Ne b bpeh that 4 4 22 d 22. 5 e 

whereby the foregoing Equation will be transformedintoz*+3z*22z—323, 
Comparing this Equation with the general Equation z4+p z*+ g z+r=0, Mara 

we will have p =:3,-9 = 2, 7 =— 3- And theſe Values being ſubſtituted | - 


& © bY 


de mee Equation . fg . K r i 
will en d a 6 x * * Fe 4H i vie ce doi rats . "= 
1 erm ten £9 1 1 


.-To ſolve this Equation, I put & = u — 2, to make the 
vaniſh, whereby | it will be reduced 10:29 + 9 30 So, which hecord- 


ing to Art. XXIV, is of the Number of thoſe which have only one real 
Root, and conſequently may be reſolved by Means of the general Formula 
of Art. cx VI. Whence it — that Mes rmacoom _ two 


Teal Roots and two imaginary ones. | 
That the propoſed I ia Br has ima inary Roots; might be pe pe KL ed by e 


obſerving that the Coeficient -of-its third Term 2 #.is poſitive, 8 
Reſolving now the Equation 1 +9 u— 30. o, by the Formula o of „ 


an -CXXVI. 1 find 2 =A/1( 15 ＋6 + 1s 6 47) 
 wherefore y/(u—2), or a = ee AE 1 
This Value of & being ſubſtituted i in bee | 
= ARG '(- © 2 


Cale is = =XT+- 


9,5 


La #1 : : 4 - * : * o 
1 . I * 2 * 7 4 £3 £2 4% 
A NEE 8 a 4 1221 n a 48. £ s p 


190 05 Roo, $2 1 m e 8 #64 0+ N — Wk longed 


2 5 9 oe 
4 141 » ba : LEES 224 
WHO = * ty TIE * s 1 „ vs * ns * 1 1 
x 7 - > 5 & STE 
«x. 


Vis hu c oo 


6 Tx” rt 1 {ads 18 71 Hung: 51655 ere. \ + + © Be $A ö 0 5 4 2 11 PER. 
© JP bat two Numbers are thoſe, if from the Sum of * Square. of .t 
Greater, and fox, Times. the Leſſer, be deducted the Cube x the Leſper, the 
iRemainder will be 8-z mw their Product multipfied by the Greater 2 FE.” 


Af x be the Greater && the Leſſer ot . ok Number then xx +6 


2 * 2 41 a * 4 - "IP * * 
e „ 3 dat Wan Ie Sar viilig se 8001 $i Its BA Roben 
. 
a i ; ; a i i * 8 # *r . 
S099" 2 es NAM 199211447 


7y ot. 4 * 4 7 AN, 1 . 8 ; : * I 8 * F CE ENG, 5 * gs « IE I . CSF 4 7 Ya 7 3-24 N A 3 AE & * 1 \ 5 4 br, g Tg Fac +22 >> : 4 7 ? i k « * £ : . 
% * =: % * > a F e . " * 
1 : * Pp 4 * 1 c 
: — hor : C r - a N ; g : 
* 3 | 
7 * * 2 * Bf wy ts 
1 * , a 8 . 5 ; 


ore = bee, and x* ai, e = Wale 62 


hird ä * 
Problem of 2 5 22 oo 8 4 — "OR — o, comparing this Equation with the 'y TRE 


an Equation | 


of thefouth Eq uation will” de e 20 * — 64 =o, in which putäng | 


fd by #* i tö make the ſecond Term vaniſh, there — 4 832 , 
— nan. which has br one Fea} Root, 3 9 aa Ares 
WS. tes Bp wy 2, Ie e io) 


which" " employing the. Method | on Art. EXTXV. is recueed to 


51 


of 1 in & ** 6% bee refuls 75 == vs 3 the meer 0 a ö 


F „„ 
for the to real Rovts oe bete 2 V 
een 3 


* * 3 , J * wr We i bw" . 
5 N 4 1 * ** ; % 12 #4 . 


LA II k requirtt l 405 * 5. e 5 op vo | ju furl, thit if 


whe! Sgware of abe Leſſor be dedified from it, and the Rethaindtr multiplied by 


Fourth tbe Square of the Leſſer, ans four Times the 1 dedacted om the Produts,. 


robl 
Produeing be laft Remainder will bt 29. 8 


an Equation Let 2 = the leſfer Part, r 72 — Roy r 4 8 1 29, or 


degrecfolved (£4 >> 3, ＋ 4% 2 . 9, \ This, Equation compared, with 
1 e* + 72 CES 4 conv, gives þ =— f „ 4, 1 =29, , and conſe- 


"will be 46 \ 246 N 


0 


| which by paring by = 1 ap, 2 . 


LEE ; 4 BY. J — | e Ne} b damdt be Yolkd: 
the * ula of 4 ant cxxvrl. nd conſequently is of the Number of 
jr whoſe ret Roots ufe yeah, — Rook required. df: the 
Equation 2t—x5 * 4 4* + 0 = d, care exber mn four real er imaginary, 

| Haden that when the Roots are real, the ſecond Term of the reduoed 


uation is negative and the third poſitive; 1 tonclade that the propoſed = 
eee has all its Roots imaginary. ſince the third Term — 91 A of its 


teduced — is negative, 


— = TO ſubſtituting-this Value | 


= 169, 
4s. cnmfrnad. ins 


SR. a. ah 


SPECIOUS: ARITHMETIC. 7 ob 


| r 
A — of r He's af two Shots of Cloth were W 7 K I x + _ 
7: ard of t 1 Sort coſt as many Pounds as there were Tard, and each Yard 
of the ſecond: Sort coſt 1 1 Now, ' the Number of Yards f the two Sorts 
of Cloth were interchanged, the Cf (reg ulated as before) would  bave been 


But 9 l. Heu many Yards of my were dae : 


Let the Number of Yards of each Sort of Cloth be expreſſed by = & 7 — Pre- 
em pro- 


ceſpediveh, * 22 ＋ 11, or 22= 11— Jo _ ® 9, ducing an 

or 2Z=9 — yy ; conſequently 81 — 18 9 +557 =%%2% whence te ou. 

192 * — 18 52 ＋ gr, or y 18% +3 ＋ 7 O. e degree 
To ſolve this e i $2. firſt find the reg Faust. ion, the = 


* 3 


28 it is reduced . putting wt 1 k e 


Now, as this Equation has its three Roots ay 0 1 Fe e 
Term 36 x+ is negative, whilſt. the third 44 K is poſitive, it follows 
Art. CXLVIII. that the propoſed Fquation has all its four Roots real 

To find thoſe Roots I employ the Method of Art. xxx vn. to ſolve the 


| Equation u3 — 388 * — 2929 = 0, and ſubſtitute 22, 74, the Value of 


1, in the Equation * = N (A 12), which. * 5, 894 for x, and ſubſti- 
tuting this Value of x * 2 14 — Wi (4 — 2 7 + +> 1 2) 


ee 


there will reſult 3,426.3 2,467 3 — 2, 31 $,=— 3,519. for the four Roots 


of the progeded Equation, of which only 2, 467 is to the Purpoſe. 


CV 
- Hs FREE in the Reſolution of Equations-of the ſecond, third, Fe Methodof | 
fourth Degree, how the Analyſts by Means of the radical Signs have been rt fan 
able to expreſs the Value of the unknown Quantity in he Sour ang: it Equation 
remains to explain how the Equation from whence any propoſed radical Ex- 6 
preſſion is derived may be found, for Example, how to find the Equation 


whoſe Root is & = 3/ ab3 ＋ 22 5 97 bt af e RE 


x=/(a* + + 33) —3/ (4 — 330, &e 
To ſolve all Problems of this Kind, or ul comes to the 15 to take 
away any Number of Radicals out of an Equation, the Analyſts operate a 
follows, they ſubſtitute in the Room of each Radical an unknown Quantity, 
whence there reſults 19. A new Equation clear of Radicals, 2%... As man 
Equations conſiſting of two Terms as there were Radicals in the propoſed 
* Now each of dp Equaion N of two T ems, will be 
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28 TY ELEMENTS OT | 
= cleared of Radicals by raiſing its two Members to the 8 n by 
the Exponent of the radiral Sign that one of its two Terms. contains. 


Wende we have no more tö do tha to exterminate out of all thoſe 
Equations ere of ee the -mknozn an. . have er 


n ben 455 
hf! al i bn rea ted 6 won) the Reals e e Equation 
„* 4b +4 a; by putting / 4 b =y, and / dd =s, there 
reeſults the three Equations . =, , 33 4 62, 23 = a di, deducing 
from the firſt y.=#— E, aud ſubſtituting, it in the Second, there reſults 


8 The eg x3 — 34 = + 3x2* — 23 = 461, out of which, it remains to exter- 
Fes. minate z by Means of the Equation 23 a da. 
an ex- To effect which, I fubſtitute in the firſt of thoſe two Equations 


ample. 


x3 —3x*z+3 52 —23 = l in the Rm '2h 23, 1 d given by 

by the Secoml, and it becomes 3 & 213 4 4. av, hence | 
2, fi 44 © 

in dedhshdc nn £5 Gn TS, ; multiplying afterwards the 

two Members of this Equation by z, aa ſubſtituting i in the Room of 23 its 


. chere reſaults nd da = — — 


7 


3* 
- e ee F 
which gra zen" 2k real . Wn, 


* Equating thoſe two Values of - zx, T deduce; an 'Tquaton i in which 2 is | 
4 + 2a K — 4 — b 


only of one Dimenſion, and folving i it, I find : Z = 2 
which being ſubſtituted in one of the foregoing Equations; for Example, in 
4j 2 243 dn 64, gives at Length 393 u d - 258 
73⁰⁵⁰ 48 34 4% 27 be As B 3 34 a3 Har+ 345 d b*-Fa348, 0 

8 ClIx. : 

Sometimes Feutions may be clexred of Radicals without having Ricourſs 
1d the foregoing Method, by only tranſpofimg dhe Terms, and railing 1 yy 
two Members to the Power indicates by the Radical wbich then will hy — > wy 
in one of the Members, for Example, if it was propoſed to clear the Equa- 1 
lion x = 5 + Y.( + Ab *) of Wa. tranlpoſing y into the firſt 
Oube, #3 3% L z m8 + Vs x, a peda a ws 7” 
have 43 — x* 5+ gx —J3— 4 = be and ſquaring both Mem» 0 J 
bers there will reſult an — clear of Radicals. | 0 
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Of the Nature r FA amber oof the Roots of 13 of all . j of . 
| the. Method of Srding the Equations of a lower Degree that are their Bs 
_ Droiors, with the Methads "x approximating fo the Koots of both numere] ms 
and literal Equations of every Degree. a 1 


EE Reſolution of an Equstion of the gib Degree might We ws: Es f | 
| 
| 


made to depend on the Reſolution af ane of the Fourth, © that of an Equation þ. 

of the ſixth Degree on the Reſolutign of one of the Filth, &c. * this 

Method the Analyſts have not purſued. 

Having found iat Equations of the ſecond Degiee hs two Roots, thoſe 

of the Third three, thoſe of the Fourth four ; they were inclined to think 

that in general an Equation has as many Roots as there are Units in the | 

Number of its Dimenſions, and to be aſſured of this Truth, inſtead of in» 
| veſtigating the Roots of an Equation, they ſought the Equation that would e 
have given Quantities for its oots, after the * We Wy 1 to 7... g 5 | 
Plain in the Reſolution of the folloyiog Proble we 3 F458 


TH Sum (x), and the Yum of thy Bur-; 1e) 7 . hebe 3 
continued geometrical Pro orfion eing given, to determine the Numbers. ug 1 : \y | 
If u and y be aſſu to repreſent the two middle Numbers, then from 1 


the Nature of continued Proportionals, t the ewo Extreams will be expreſſed by rarer Fi | 4 | q ] 


LEE ' TH 3 

= and 22» anda . n have A. ee — = 4 PT = 

| 7 * 7 9 + 3 — 6, now ns * 5 d = 4 = 
„„ 

ö ES: 8 OY — &c. XC. | | Y 
F 1921 8 | W 
; — +: 2 . pore U e the ii 9 
; 15 . Eatreams= 2 —* —9 ele * = ol &c. B 4 
0 9e 1 
| 1 bete e 


* ; 


* f = » * 
N 5 N 4 | 
SA . = TS Re R 1 . wp CNS i „% Ten nn 
| f 5 1 : 4 7 | „„ ‚ CE4 
220 A £LAEMENTS HP): A: 
* . | 


3 2 * | * - . ; ; : « 
which Equation by writing = 7 inſtead of its equal 2, becomes | 


CE Eon beat niet 
X [84 + (a —x ) 4 &c.] which being ſolved, the Value of & will 


be found, from which the ſeveral Values of x, u, y, will alſo become 
known. 0 5 e Rag en RD 


an 1 1 + gx" + &c. - - „„ * » F =» 0, ex- | 
preſs in general an Equation of the mth Degree clear of Radicals and 
Frachom To find the Value of * in this Equatien, is the fame as to 


find a Quantity, poſitive, or negative, real or imaginary, which ſubſtituted 
in „ + ax" + * + &c.,--- 7. o, in the Place of x, 
3 will make all the Terms vaniſn. Let us ſuppoſe this Quantity à to be found, 
tion pray be I ay that x r e &.. o, will be diviſible by 
ger 1 x—a for it is manifeſt 19. that ſince x is only of one Dimenſion in the Diviſor, 
| ſimple fac- by the Rules of Diviſion the Operation may be carried on until a Remainder 
tors as there is obtained that does not contain x. Let then ©, be the Quotient, it is mani- 
the biebett feſt, that if to the Product of the Quotient © into the Diviſor x —a, the Re- 
dimenſionof mainder R be added, there will reſult a Quantity equal to the Dividend, 
oo 1 now by ſubſtituting in the Dividend, à for x, all the Tei ms by Hypotheſis 
quactity, Vaniſh, therefore the Quantity (x —a) x 2, R ſhould alſo vaniſh, 
if x be put , but by putting x Sa, this Quantity becomes (a —a) SN R, 
and fince(a—a) Q R ='0, Ro, wherefore the Divifion is performed 
- + -» without leaving a Remainder, wherefore x" + & c. 
e ng Et eb dn nat; 
| Let a Quantity & when ſubſtituted in the Room of x in the Quotient Q. 
reſulting from the Diviſion, make all the Terms of this Quotient vaniſh, it 
will be diviſible by x — 5; and it is manifeſt that if 4 when ſubſtituted in the 
Room of & makes all the Terms of the Quotient Q vaniſh, it will alſo i 
make the Dividend vaniſh, for the Dividend, = (x 4) © therefore every * 
Suppoſition that reduces 87 nothing, will alſo reduce the Dividend to no: 7 
thing, wherefore — 5 will atfo divide the Dividend exactlix. 
In like Manner, if c be a Quantity which ſubſtituted in the Room of , 
will make the Quotient Q divided by x b vaniſni, the new Quotient and 
- conſequently the Dividend wilt be diviſible by - c, we will therefore have 
* 51 Sol Quai 25 — 4, 2 — 050 N & c. as there'are Units in 
, ich mulupled. by one a 1 Wi pradu ce the propoſed. Equation, 
min the Room, therefore of! the propoſed Boat wn may ſubſtitute. 
(x=4) (x=b) (e &6, o. i OTE 
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1 
s. 
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BY 
F x—=f for if iv was then EF = FD 7 


srrerous ARI THMETICk. 
It, 3 
When a Quantity i is ſuppoſed equal to viking, one of its Factors mult 


be equal to nothing, whence the propoſed Equation is the Product of 
x—a So into (x —b) (x —c) &c. or of x 3 o into 


(x—@) (x—c) &c. in each of thoſe Caſes x is the ſame Quantity in 
the ſame Caſe, and different i in the different Caſes, thus x* — (a+b) x+ab 


3 the Product of „ — 2 S o into (& 5) or of ͤ - So into x 4 
| this Equation x* — (a 6b) x + a 53 repreſents theſe two 
424 — 44 —2 5 ＋ a b =o that reſults by ſubſtituting 4 for x, and 
33 —ab — bb + ab = o that reſults by ſubſtituting 5 for x. In the firſt 


of theſe Caſes, x and its: Pbwers,repreſent a. an its Powers. in the ſecond, the 


Letter x and its * repreſent 5 and its Powers, whence the Equation 


-- --=- r= 0-really. repreſents as many ſimple 


b + ox” 


| Equations as there are Vai in the . b m of the unknown, 


Quantity. Ft: 
IV: 
The produẽt of * 4 into *— 6 cannot be equip to another Produdt 


＋ and conſequently 
„ — muſt be diviſible by x —f as allo x—e by x —5; which cannot 


be, or x — of and x — 6 muſt have a common Diviſor, as alſo x*— 4 
and x—e which likewiſe is. impoſſible, wherefore every Quantity * pu. 


in which x riſes to two Dimenſions cannot be produced but by the Multipli- 


cation of to ſimple Factors x — a, 'x— 6, and by no other than thoſe 


two, wherefore in an Equation of the ſecond Depree. x cannot * have 


more than two different Values a and 6. 
In like Manner it will appear, that the Product of x —4 into xy — B 


into x - © cannot be Shot to x— e into * 1 into x.— g, for then 


2 8 S 7 | 3 Eats 
FETSICES es T ? wherefore the Denomimators 


22T 
. 
N 4 


An Hee 


tion admits | 


of as man 
ſolutions as 
there are 


fraple fac- - 


tors multi- 
plied by one 


another that 


produce itz. 


No Equa-- 
tion can 
have more 
roots than it: 
contains di- 
menſions of 
the un- 
known 


quantity. 


of thoſe Factors ſhould have a common Diviſor as like wiſe their Numera · . | 


tors x — 4, 'X — e, which cannot be, wherefore in an Equation of the 
third Degree, and in, general in any Equation, the unknown Quantity cannot 
/ have more Values either- 
ves of the Equation: 


real or imaginary than there 6 are Went in ae De | 
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een OD :: 


Ct ads ec Dies his ab ih con may 
e eg. ſtarted. g ee Na e e=8and x =2,then (x 4) (a — 5) 


againit the 

gebn. — a * 5 ==5X—6=(#=7) (9 —8)= e-. 

tion ſolved. jt is true, that in ſome ee Value (x — a) (x 5 
x =(x=0) (x—e) but as x is 4 general and utidetermined Quantity, 


the foregoing Equation ſhould take Place, 1 ee is given to & 


that i is, Fi #—c) (a—e)=0, which cannot be, dae fad « differ 
from a and . = 
VI. 


Some of thoſe ther $, 0, &c. or all of * ay ene bend 

| Quantities, equal, or unequal, or ſimple imaginary Quantities, as BY — I; 

enen ot mixed ones, as 4+ By/ —1, to theſe two Forms all imaginary 

form that Quantities whatſoever being reducible, & and B expreſſing real Quantities, 
283 10. a#+b/—1+tg+b/ —1, may be reduced to the Form of 


h imaginary 


- quantity AB 8 for +6 Y K —1 =a+g+(b+b)/—r | 
tr: =4 + , by putting a +8 = A. and b + b = B. 
2. (3 +34/—1) X(e+by i) may be reduced to A+B(/— 1. 
eier b e +57 er, 
wherefore ag — bb = 4, and bg + ab =B. 
b 15 
e = 4 « oth rnd}. for 217 
TN ++ n= 9 5 
ee cer 88 ＋ 5 
+bþ 122 e LiRiz 
whetefogs 26437 © A, and Ze +70 Mt B. 
| I CATHY 2 e 33! al 
PET n b. ee p ang i 
2 „ { . 
ann Up l-D4ForN a 
tee e Log (0+5 , . le (4+B Y =1), 
wherefore' ſince the limiting Ratio of the cotemporary Increments' of 
n fant ip of its Logariedin, W io of the 


T4; fv, 97 
* * 9. 
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—— of Ein . "on of its Logirithie, 
g++ =I being ſuppoſed to be a permanent Quantity, we will have 


44443 


h e! N eee 


a-+db da+db i(a—b/—1) 
d e) e 


— eee ue, G2 42 J 
da + bb- | aa + PIES TATE. 


and performing the ſame Operation upon the ſecond Member of the Equation 


LA +dBY —1 _ (d4+4BY—=1)X(4—BY—1) 
TE =. N N == 


3 | 
Lay | e 117 and conſequently 


. we will Pony 


2 224 221 en 
= — Eh „ e dren 


part of the firſt Member is equal ts the real Part of the Second; and the | 


imaginary Part to. the 1maginary Part, we will haue che two followi 


| ade +gbtb —ab1b +bbda. _ AdA+Bd 
Equations, (O) aa+bb H A AF 2 


defekte eee 
ee N 


44 ＋ + bb. 
444+ BaB* 7 * } * * 


I now! NOTE that if the Fes. of (A4 ＋ BB) be a 


by x the limiting Ratio of the cotemporary Increments of / (AA+BB); - 


Ad- Bd 


Tr Ile Manner, if the Tagerithm of J/ (aa Ne be expeſſed by 3,. 


ada 


4 


— 4 2 9 * 


5 ts comporary eco (0 +4) and af ue 


& of n will be exprefied by che Equation. = 7 Ax. 8 


"ali returns or 
25 . - 
and if. we . is Þ * ; 7 3 * d 5. conſider 


this Equation as expreſſing the limiting Ratio of the cotemporary Ancrez DE a 


adb—bda 
| ments of two variable Quantities and — 5 X 1 * ; E 


5 1. | Wa a a + 2 
chat bor which it has been deduced, or Log. c 4. | x, 
4 expreſſing the Baſe of the Logarithms Art. XL VIII. oo 111. we will have 


Hs adb—bda 


Log „= 4 ＋ 000 laps | 
| 447 | 
=» TO — 


— 


of i} (44+ BB)=V (00+ 33} X © 


Performing upon the Equation (P) the ſame Operation that was per- ba 

| Formed upon the Equation (O), this Equation (P ) after Ong both {OM 

l Members by / — 1, and reducing becomes | al 
{ MIB =BSIA ada +bdb adb—bday = 

| (R) YB =b Xx — 2a ＋ 35 ef afl, | / 

1 a ö a ; | 

Now, . bx { 776 for 5 as of (66 +35), 0m a 

| | 7 Ny — 2 = 77 it Expreſſes an ang whoſe Tangent i is # 67 for let hoy 5 Is i 

= expieſs an Arc whoſe Tangent i is Ad „and let this Arc « receive | the In- . mu 

| . tha 

crement da, then d Tang. @ = Tang. («a+da) — Tang. @, but a 

Tang. a + fang da. diſa 

Tang ( 4. 2 PE — conſequently d tang. « 2 J 

| _ d « + tang.* a X tang. da tang. da — Jang e. _—_ deſtr 

of © bt: ue ae. br, * 1 i I-Fiang.* a . that 

5 and — 

which Ratio is leſs than — T — — but continually approaches to it | quati 

when d « decreaſes, and coincides with it when da vaniſhes, and becauſe in _ 


this ——y and tang. 4 — approach to aRatio of Equality, | 


r TEE - 


= = T * will expreſs the limiting Ratio of the cotemporary 
Increments of the Arc and its Tangent, in which Expreſſion ſubſtituting for 
| AdB—BdA. 2 


5 tang. a its Value, and for d. tang. « its Vans * re- 


ſults ds = A - In like Manner it will appear that | 
245 —bda N 


. Xe | rrp expreſſes the Product ariſing from the Multiplication: 


of 2 into an Arc whoſe Tangent is d ; +: 
: <4. g++ bit Ws oye 
Whence to reduce (a+ / —1) to the Form fr, 
it ſuffices to deſcribe a Circle with a Radius equal to the Value found for 
%%%%%%Cͤð] ·’o²̃ "(adb—bda 
5 | | g —.Æ—4t a a ＋ 35 1 
(AAB), that is, equal to / (a a+5b) xc © 5 


and take on the Circumference of this Circle, an Arc equal to the Value 


alſo found of f ; LEE 1 that, is, equal to-h Lag. (aa+88)-+g x | 


2 8 | my 
{2533}; 7 vill be the Tangent of this Are; B will be 
the Sinus and A the Coſinus. : 1 | 
If one of the Terms of a Multinomial is an imaginary. Radical, as for 
Example, x — 42 —- 53 / — 1, the Radical may be made to vaniſh, by 


multiplying it by another Multi nomial that differs fr om it only by the Sign The a. 
that precedes the Radical; Whence it is only the Product of x—a—by/ — 1 fn Expreſe 


＋ ö 2 ſions cannot 
into x — a + b— 1, that can make the Radical in the propoſed Quantity diſappear 


in the Equa- 


diſappear, by. giving the Product x* — 2 4 x +a*+ B. Becauſe it is only tion pro 
in this Caſe that the particular Products of each real Term into & / 1 duced but 


deſtroy each other by contrary Signs, and in the ſame Caſe it is manifeſt — 


that the Term 5 that contains the Product of the two Radicals 3 % — 1 Wes. 


and — 5 / — i is neceſſarily poſitive. W hence there are never in any E- 
quation whoſe Coeficients are real Quantities, ſingle imaginary Roots, or an 


odd Number of imaginary Roots; but the Roots become imaginary 
in Pairs, and an Equation. of an odd Number of Dimenſions, has al. 
ways one real Root. | | 
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. | Vi. | 
er a, 3. Oo 2 e, nf g. &c. expreſs real and 72 Quarithies, h 

a being greater thas 5, b greater than c, c greater than d, d greater 
than e, &c. The Syſtems of Factors of the Formula's of the ſecond Degree. 


Method of I. & ＋ n x +n So, II. x* — mx + n=0, III. 5 


5 | 
— IV. x* — Mx — , V. * + n= 0, VI. * —1=0, 


—_—_ 54 In which m and n denote real and poſitive Numbers, will be as follows, 


to the For- (x +a). (a+ a); (xa) (* — 49; 43 ) (x—a) ; (x +a). (x+3); 


mulas of the 


focond, (x+4)(x—6b; (a) (x+8); (x—a) (x—d); (* e /—1)(x—a/—1); | 
hich && e ei) H- i U -i) - i. 
(Li) G- i); (x—a+b/—1) (ab —1);. 
AK U -i) (-V =); (-r —1) (x=b—ay/—1); 
In like Manner the Syſtems of Factors of the Formula's of the third, 
fourth; fifth, &c. Degree will be found, ; 
IX. 

+ Are the Nature, that is, the Sign of each Coeficient of ich 
Syſtem of Factors correſponding to Equations of the ſecond, third, fourth, &c. 
Degree, the Factors of thoſe Syſtems are to be multiplied into one another. 
When ſeveral Syſtems of Factors produce the ſame F ormula, to deter- 
ws ſeve- mine the nature of the Roots of any propoſed Equation contained in this For- 
3 mula, it will be requiſite to find the Syſtem of Factors that will produce 


correſpond it, how this may be effected by Means of the Coeficients of its Terms, we 


to the ſame 
3 ſhall proceed to explain. 


now to find I obſerve that there are as many Quantities a, B, c, 4 in each Syſtem of 


| the ſyſtem Factors, as there are Coeficients m, n, p, &c. Whence there will reſult 


of factors 


| Correſpond- 88 many Equations between 4, 5, c, d, Kc. as there are Coeficients. 
ins eg] Conſequently if ſome of the Quantities a, b, c, &c. are equal, there will 


quation | be more Equations than unknown Quantities, by which Means an Equation 
contained in will be obtained, out of which the unknown Quantities a, 5, c, &c. have 
n hoon exterminated, which will ſerve to determine whether 'the propoſed 
© _ . Equation has equal Roots or or not, and in Caſe it has, the Form and Signs 

of its Roots. 
Blut if all the 8 a, 35 g, 4 &c. are e unequal, there will reſult 
only as many Equations as there are unknown. Quantities, and conſequently 
they cannot all be exterminated. But by putting ſome of them equal, a Quantity | 
greater than o in ſorne Caſes, and leſs than o in other Cafes will be obtained, 
which will ſerve to determine whether the Roots of any propoſed Equation are 

all unequal, and i in Caſe they are, the form and Signs of thoſe Roots. 
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8 9 5 Thus, 1. let e 44 n= 274 a) ( xÞa) = ot 4 1 
e. |. then m 22, 14, conſequently m* —4 n=0. Lk 
„ © 5. Let 4 + man =i( abate f mi (nbevey —1) 8 
Oy YT =Xx*+2ax þ 2 4 = 0, then m = a a, n = 2 48. nr - 
| m A T 
10 5 Tk Let æ {mx L = C420 C ＋ 5 % if be put equal to 2 = 0 
N | the Qnantity m — 4 n = o,-wherefore if b be leſs then a, the Quantity | | CC 
ED ma — 4 u will be greater or leſs than o, to find which of the two ſhould _ 3; 473M 
05 = take Place, let a=2 and 5 , then m = 3, n= 2, which Values being 
)z ſubſtituted in the Quantity * — 42 there will reſult 3* — 27. 2 0. 
53 Whence I conclude that m* — 4 n > 0 is the Condition for this Syſtem. 4215 
73 4. Let æ&ꝛ T TE (X HAT CTA =D Y Y, 
rd, if 5 be put equal o, this Syſtem will coincide with the firſt Syſtem, and 
conſequently m* —-4 u =o, but if i be greater or leſs than o, this Quantity 
will be greater or leſs than o, and on Examination it will be found to be 
ch 5 leſs than o, whence the Condition for this Syſtem will be m* — 4 = < o. 
ec. If 5 be put equal a, this Syſtem will coincide with the Second, and con- 
er. ſequently m* — 2 1 o, but when 6 is leſs than a this Quantity will be 
er- greater or leſs than o, and on Examination it will be found to be leſs than o 
or- whence the Conditions of this Syſtem are m* — 4 n < O. m*—2n>0, . 
Ice | 5%. Let x*+m X X + &6-+ af —1) (x+b—a/—1), 5 being . 
m_ put equal to à this Syſtem will coincide with the Second, and conſequently diſcovered 
of m — 2 o, wherefore when ö is leſs than a, this Quantity is greater or leſs 3 | 
| than o, it is eaſy to perceive that in order to diſtinguiſh this Syſtem from the of the roots 
ult | | foregoing one, that the Condition for this-Syſtem ſhould be m* —2 n Co. of any pro-- 
its. It is thus the following Tables were conſtructed, which when com- be. "_— 
vill pleated,. will ſerve to determine in any: propoſed Equation, the Nature 'and 
ion Number of its Roots, that is, whether they are read or e equal or ; 
we. - unequal, poſitive or negative. 1 . 
N 5 =" {or dinero] | 5 | uf (wax tac of 
55 Ta +a) — —— e - - -: -. - mn —4=0. 
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| - IF one of the Roots 6f x* ＋ px” eee RITES + # 220 0 Metiog or | 
is an integer Number a, either poſitive or negative, it will be a Divi- fading the 


ann þ pa? + 907 1 . 42 -. The firſt Member of 
which Equation is an — as wing compoſed of e wherefore 


3 
— is an Integer, wherefore a is one of the Diviſors of r. Whence is 


derived a Method for inveſtigating all the commenſurable Roots of an' 
Equation; for they ſhould all be found by trying the Diviſion of the Equa- 


tion, by x more or leſs each of the Diviſors of the laſt Term. 
For Example, ſuppoſe the Equation x3 — 5x* + 7x —3=0 is to 


be. reſolved, the Diviſors of the laſt Term — 3, being either — 1, or 


— 3, WT I, or F 33 I try the Diviſion by x — 1, X — 3, * FI, 


x + 3 ; the Diviſion by x — 1 and x — 3 ſucceeding, I perceive that 
the KquaGon may be wrote thus, (x —1) Xx (x i) x (4 = 3) o, 


whereby it appears that the propoſed Equation has three commenſurable 


Roots, one of which is + 3, and the other two are equal, and expreſſed 


each by ＋ I. 


When an Equation is not diviſible by a ſimple Equation compoſed of 


x + or — ſome one of the Diviſors of the laſt Term, it wh be a * 


that this Equation has no commenfurable Root. 
XxxI. 


lt may be . mand the foregoing Method of finding the com; In an equa- | 
menſurable Roots of an Equation, that if any of the Roots of this Equa- „ 
tion is a Fraction, it will not be poſſible to find it among the Diviſors are Inte- 


of the laſt Term: becauſe if fractional Diviſors be admitted in a Num- gers the 
ber, ſuch Diviſors may be found without End. But this Objection is crabs 
| eaſily removed, by obſerving that in an Equation clear of Fractions, and cannot bea 


having the Coeficient of its higheſt Term Unit, the Value of the un, facion: 


known Quantity cannot be a Fraction (J). whoſe Numerator and De- 


nomninator are rational and integer Numbers, 5 = 5 5 
Let for Example x3 T * + * Af r =o, and let _ 155 e 


. to be 4 R of this Equation, then — "+ He +4 — +r r= = o, and 


a3 + pba* + gb*a* +b3r o, condi by the K oing Article 
the e Number a ' ſhould be a 1 of the laſt Ten 3r, 19 


* 


W S677 


commenſu- 


ſor of the laſt Term 73 for a aa 1 + 94%” 1 + na TS, rable roots 


. conſequently a” ＋E 4” N e 75 n = r, wherefore non. "Ow? 


: * 


+ 


| EDPMENtS de F 
a and FE no common Dirifor, the regten f ins hy. Hy- 


© potheſis;” reduced tö its Jö welt Terttis, it follows chat 4 and 53 have bo 
common Diviſor, - Art. XXIX: Chap. 11. Wherefore muſt be a Diviſor + 


Transfor- 
mation b 
means o 
which an 
equation 
may be 
cleared of 
fractions. 


of r, wherefore r =" a, n being an integer Number; whence we N 

a3 +pba* +qb* a +nb3a=0o, wherefore a* +pb a+ gb* þnb3 = 

therefore, by the foregoing Article, @ ſhould be a üer of the laſt Tan 
q6* +nb3, and conſequently of 9g +6 nz e + b-n = mas. whence 
* „ e NE ＋5 5 e and of courſe 


— =—p—m $, that is, = an ere Number which is contrary to 
— Hypotheſis. . | 


PETR 2" 

When a Problem p- uces an Equation whoſe Cs eben ee, E; 
the commenſurable ots it may contain, cannot be found by the foregoing ö 
Method; however the Problem by a Timple Transformation may be 
changed into another, in which the Equation to be reſolved is clear of 
Fractions, and having the Coeficient of its 71 Ten, Unit. 


Suppoſe the Equation propoſed is x3 + ＋ * —— — 1 1 2 == o, 
by putting the unknown n x equal to e * divided by ſome 
undetermined _—_ m, I transform the Equation — EY ar one, 
2 ee e 
in A 1 pererive that if m is diviſible by 5, by. 4 and by f; 


— i — - and > will be Integers, | we have therefore no more to do 


than to ache for n the Product of the Numbers 5, d, f, and if thoſe 
Numbers are not prime to each other, it will be eaſy to find: a Number 


| Jeſs than their Prody@that will be diviſible by all the three. 


The Equation being transformed into another clear of e — 57 
commenſurable Roots of this laſt, Equation are to be inveſtigated by the 
foregoing Method; and if none * found, neither will the firſt have any, 
ſince x uppoſed commenſurate; cannot give a an incommenſurable Quan- 
tity when enn the Number my Which! 18 Mifo. commenſurable. 


3 
The 8 Method is liable to this wide at, that Aer the 


lnconveni- laſt Term has very many Diviſors, the Labour will be exceſſive to try all 


ency to 
which the 
fore oing - 
method is 
Viable. 


the Diviſions that this Method preſcribes ;; how the Analyſts have abridged. 
it, by limiting to a ſmall Number the Diviſors that are to * _— we = 
now proceed to explain. 


fun Number, at is, for Example, if i in the Quantity x oo. — Ix — 21 of fore 


e 
; * 
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"52 90 
Th obſer ved firſt; that if 1 at xx -þ+ Equation, if 3 i- 
— 2 5 . i 1 6 4 given Ne ons that 


the Diviſor x ＋ aof , any. Quantity,” x, , 00s that 
the Number into which, the; Diviſor, wall. | then bejri medi will be 1 — g 
Diviſor of the propoſed Quantity, in whi ut equal to 150 er the, 1 


which x—3 is a Diyiſor, * be put = 5, the Number 9 into which — 


x3 — 2x — 21 is transformed by this Suppoſition i neceſſari ily diviſible by fea. 
the Number 2 its hich x—4 is W by the ſame Jup poſition. 


They then ſuppoſed * in the Quantity whoſe] Diviſor the ſought, ſuc- 
F equal to ſeveral Numbers, ſuch, for Example, as + 1, 0, — 1; 


Su . that R be fiſh made. eu 9 N ang the cafieſt 


rar the N & the Fs Ari 5g bo the Su ch 5 4 
| poſing „ in 5 Quantity, the Num rk ＋ 4 ſho! : | 1 
Haun, fn ce x + is the Diviſor-ſou 

29. That among all the Divifors gh the Number jon from the Sup- 
- poſition of x = 0, which are no other than the Diviſors of the lätt Term 1 
of the propoſed Quantity, the Number à ſhould be fo ound. 2 3 
39. That amopg all the Diviſors of the Number ariſing üer the ” I 
| Suppoſition of * 2 —1 mould be the Number „ 7705 78 

W 

Now as the Numbers I 1 a, 4, — 1 ＋ a are neceſſarily ſuch; cit the, 8 
firſt exceeds the ſecond by Unity, and that the ſecond. Exceeds the. third tal princi- 
alſo by Unity; it follows chat of all the Diviſors of the Number ariſi ng ple for find- 
from the Suppoſition of x o, thoſe only can expreſs a, that are pe. 2 by 
by Unity by ſomeone of the Diviſors of the Number ie from, the rable roots 
Suppoſition of x = 1, and exceed at the ſame Time b * Unity. ſome one ©! oO an 46d 

of the Diviſors of the Number arifing fromthe Suppoſition. of 1. 

If ſeveral Numbers are found among the Diviſors ariſing. from the 

Suppo oſition of x = 0, that have the above mentioned Conditions, to reduce 

the Diviſors of the laſt Term to ſtill more narrow Let, Py a be put 
D 2, and then obſerve if among the Diviſors of the N apa [i 
this Suppoſition, / there be found any that exceed by Park thoſe ariſing 

from the Suppoſition of x = x, and ſoon. 

It is eaſy to perceive that the Trial that is to be made of all thoſe Di- 17 95 

viſors ſhould bedouble, that! is, that each of them ſho ould be. taken as well 1 
negatively as politively. , - 1 
Io illuſtrate this Method and to wes the Appl ication of i it 1 more eaſy, 5 "Wo 
we ſhall proceed to give fome Examples ſhewi Order r.to he obſerved 3 
in the Calculation to. dT nan $0 dee AS muck o ee 15 FREE Wo 
_Labeyr cf the IE: . _ 
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236 
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- Application l firſt ſet down one under the oth 


n 


AD ELEMENTS of 252 - 
Leet it be propoſed to find the commenſurable Roots of the Equation . 
x3 —2x* —13x +6=0; or which is the ſame, let it be propoſed to 

find the Diviſors of one Dimenſion of the Quantity 


Oh OE IL ar. 
1161. 2 
„ 


—— 


FVV 
x MOL MME þ %. kl Loot AN 


er the Suppoſitions 1, o, — 1, tobe made 


— 


the foren for x; I ſet down afterwards beſide each of thoſe Numbers, the Num- 


ing me- 


| thod to an bers — 8, + 6, ＋ 16, or ſimply 8, 6, 16, (becauſe the Signs do 
example. not affe& the Diviſors) into which the Quantity'#3 —2x*— 13K ＋6 


is transformed by thoſe Suppoſitions, and I ſeparate them from the firſt 


Numbers by a vertical Line. I ſet down in a third Column the Numbers 


I, 2, 4, 83 1, 2, 3, 6; 1, 2, 4, 8, 16, which are the Diviſors of the 


foregoing Numbers; the four firſt beſide 8, of which they are the 


Diviſors; the four that follow beſide 6, and the five laſt beſide 16. 
This being done, to find among the Diviſors, 1, 2, 3; 6, of the 

Number 6 arifing from the Suppoſition of x So, that which is to be added 

or deducted from x to obtain the Diviſor ſought, or rather to exclude 


from all thoſe Diviſors, thoſe that have not the required Conditions 1 
obſer ve 12. that 1, which is the firſt of thoſe Diviſors, cannot be admit- 


ted, whether it be taken with the Sign ＋ or with the Sign —; for if it 
be taken with the Sign +, that is, if x + I be conſidered as the Diviſor 


| ſought, this Diviſor becoming 2 by the Suppoſition of x = +, and o by 


the Suppoſition of x = I, we ſhould find 2 among the Numbers of the 
firſt Line, and o among thoſe of the third: Now the ſecond of thofe Con- 
ditions is not anſwered. As to — 1, it cannot be admitted either; that is, 


*I is not the Diviſor ſought, for this Diviſor beceming o by the 
Suppoſition of x = + 1, and — 2 by the Suppoſition of x = — 1, we 


ſhould find o among the Numbers of the firſt Line, and the Number 2 


among thoſe of the ſecond. Now only the ſecond of thoſe two Conditions 


is anſwered. I next perceive that the Diviſor 2 is alſo to be rejected, 


| becauſe if it be taken with the Sign +, that is, if x +2 be conſidered as 
the Diviſor ſought, we would have + 3 by the Suppoſition of x = + 1, 


and + 1, by the Suppoſition of x = — 1, which would require that the 
Number 3 ſhould be found in thefirſt Line, and 1 in the third: Now the 
firſt of thoſe two Conditions 1s not fulfilled. And if 2 be taken with the 
Sign —, that is, if x — 2 be conſidered as the Diviſor, we would have 


Ei and —3 for the Suppoſitions of x = +1 and of x =—1, which 
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would require that 1 ſhould be found in the firſt Line and i in the third: 


1 7 #7 1 * 72 y 2 * PO ; = 
* ö : | ” > 4 1 J 4 2 Y: | 
4 » * y { 7 - - f 8 3 v5 + &* 74 
2 1 15 22 
> a3 
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the firſt of which Conditions is only fulfilled. 


* 


& 


are to be made, to diſcover among thoſe Numbers thoſe that are to 1 
| excluded. I now try if 3 taken with the 8 ign — will ſucceed, * that is, if 
; iviſor of the propoſed Quan- 


tity; in thin Caſe we ſhould Nawe 4 and <4 by the Bapphtioneler 


< Conditions required to be a Diviſor as Well 
| in a fifth vertical Column — 2,” 


Having excluded 1 and 2, I aſſume the Diviſor 3, and 1 perceive that 


| n it with the Sign +), that is, conſiderin = + 3 as the Diviſor ſought, © 


ould find + 4 4 by the Suppoſition of x = + 1, and +2 by the 


Suppoſition of x = — 1 : and in effect I find 4 in the firft Line and 2 in 
the third, wherefore + 3 has the Conditions required, I therefore ſet it 
down in the fecond Line, that is, oppoſite the Number of which it is a 

'Diviſer: I ſet down at the ſame Time the Numbers + 4'and'+ 2 in the 
Line above it, and below it, not that thoſe Numbers 'are to be joined to x 
to ſerve as Diviſors to the propoſed Quantity, but becauſe the Trial of 
the Diviſors not being compleated, other Numbers beſides I 3 might be 


found having the required Conditions, and in this Caſe new Suppoſ itions 


— x has the Conditions required to be a 


x = +1, and of x = —1, which happens in effect, whence x 3 has the 


_ 4 | 
Laſtly, Ttry 6, and T perceive that if it be taken with the Sigh + we 


ſheuld find + 7 ard + in the Lines above it and below it, which does 


= — 7 in the ſame Lines, which likewiſe does not happen. I conclude 
therefore that the propoſed Quantity can have but HEE 3 and x be 3» me | 


26 4 — 3 as by * + 3 ; I obſerve that if a fourth Line was made by ſu ſing 
„* 2, we ſhould find — 5 for the fourth Term of the . — 


not happen; and if it be taken with the Sign — we ſhould find — 5 and 


Diviſors of one Dimenſion. 
To diſcover if there is the ſame Faundation for trying the Diviſi ion by 


umn 


2, 3, —4; and ＋ 1 for the fourth Term of the Column +4, 


bag 


come 


+3, 3+ 23 for it is manifeſt that the Divifor x — 3, would become — 55 
by the 81 appoſition of x = — 2, and that the Diviſor * ＋ 3 would be- 


by the ſame Supppoſition. But by putting & = — 2 in the 


propoſed Quantity x3 — 2x 
viſible bys and is 155 1. Wherefore x — 3 cannot be g Diviſor of this 


Quantity, whence if it has one, it muſt be x 3, I therefore divide 
x3 — 2K — 13x +6 by x * 3 which ee, and geek for exact Quo- 


| tient xx — Sx +2. 


In Numbers ſo ſimple as 8, 6, 16, it was an eaſy Matter not to omit 


any of their Diviſors, becauſe thoſe Numbers have but few Diviſors; but 


in Numbers that have many Diviſors, to obtain them all, they muſt be 


ſought with a certain Order, we ſhall therefore proceed to n ve an 


= I how the aa ba een this enen 5 


5 x i. 3s 14 neee own 


— 13x +6, it becomes 16 which is not di- 


1 1 4 * 2685 
1 13 


3 


1 


ELEMENTS. or 


. n n XXVII. 5 Bib 7 / Hori. 
L“et it be . to find all the 1 of the number 1 120. 16a 
Method of draw a vertical Line to the left \ | 1 | 120 
finding all Hand of this Number, and to 1 . 6o 
the divi the left Hand e this Line f?? . A100 
„ ite to 120 J ſet down 1, as 5 8. 4 2 7 
number. being its firſt, Diviſor. I af- . 12. 6. 148 + 
terwards try whether 2 will di- 120. 60. 40. 30. 20. 15. 10. 5 r 


vide 120, and as the Diviſion 
ſucceeds, I ſet down 2 to the left Hand of the vertical Line, oppoſite to 
60 the Quotient of the Diviſion, which I ſet down to the right Hand 
of the ſame Line. 5 
I afterwards try the Diviſion by 2, which 3 an ives 30 for 
1 1 then ſet down the new Diviſor 2 under the firſt; and 30 
under 60. I multiply at the ſame Time the new Diviſor 2 by the one 
above it 2, and ſet + Ai the Product 4 to the left Hand of the ſecond 
ts 2 8 a new Diviter of 2 opoſed Number 120. 
jo diviſible by 2, J 3 wn 2 again to the left Hand of the 
3 [Line in the ourth Rove, and the Quotient 15 to the Tight 
Hand oppoſite to it in the ſame Row. I multiply. at the ſame Time the 
: new Diviſor 2 by 45 which gives 8 for a new *Diviſor of the propoſed 
Ee Number. But. omit multiplying it by the firſt Diviſors, becauſe there 
would reſult 4, which has been already ſet down. 
| 1s not being diviſible. by. 2, I try the Diviſion by 3, which. ſucceeds, | 
ives 5 for the Quotient, which I ſet down to the right Hand in - 
5 fth Row, and the Diviſor z to the left; I afterwards multiply 3 
by 2, by 4 and by 8, which 1 find in the ſuperior Lines, and ſet 
down to the left Hand of 3, the Products 6, 12, 24, which are, as is 
manifeſt, new Diviſors of the propoſed Number. | 
z baving no Diviſor I ſet it down to the left of the vertical 15 
in the fifth Row, and I ſet down at the ſame Time the Product of this 
Number into all the. foregoing Diviſors 2, 0 4, 6, 8, 1a, ad; "Wd. there 
reſults 10, 15, 20g o, 60, 8 1 ich I er down, 1 in the ſame 
Row to the left Hand of. 5. 
Which being done, all the Numbers da. are to the left Hand of the 
- vertical Line from 1 to. 120 are the Diviſors of 120. After the ſame Man- 
ner all the Diviſors of any other Number may be found by. dividing it by 
a its leaſt Diviſor that exceeds Unit, and the Quotient again by its leaſt 
Diviſor, and ſo; on, till you have a Quotient that is not diviſibſe by any 
Number greater than Unit, This Quotient, with theſe Diviſors, i 
be the firſt, or ſimple Diviſors of the Number, and the Products of the 
Tan Hogs of N 2, wm 235 &c. * cher xi be the rend Diviſors. 
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x : 5 XXVII. r „ 


Hi it now 1 propoſed to » find the commenturable Roots of the OY 


tion. 
7 £49340 nan + 5 xd 61 x* Laa 120 . 17 75 oh 


= a 3.5.11. 15. 33. 55 165 1 15 
8 1 „23.4.5 6. * 10.12. 155 20 = 2 K. 40 60 -140 +2 
4k 241 1.13.2 22 r + 


Having ſet down i in a firſt vertical Calan 1, 3 1. for the Vile 
to be ſucceſlively given to ; and in another vertical Column the- Num- Another 


example. of 


bers 166, 120, 1 reſulting fr from the Subſtitution of thoſe Values in the gading che 
Quantity. x5 —12 x* + 5 61 * + 22:x:— 120, Iplace in a third commenſu- 
Column the Diviſors of. "hoſe three Numbers, each oppoſite the Num- rable 3 


of an eq 


ber that produced them. This being done, & examine firſt if among tion by the 


the Diviſors, of 120 the Number 2 27 * N Conditions, and I foregoing 
perceive. that when taken 1 the 8 Sign + agrees. with the Numbers 229. 
and 1 above and below it. : Etherefore el — in the fourth vertical 
lumn + 3, + 2, + 1 But the ſame Number taken with theSign —. 
does not ſucceed, as — 3 is not found below it. 
Examining: in like Manner all the other Diviſors-of 120, I . 
that the. Number 12 taken with the Sign — has the required Conditions, 
provided the Numbers 11. and 13 that are above and below it are alſo 
taken with the Sign , I therefore ſet. down in a filth: vertfcal. . 
the three Daten PI, — I2, —,13. __. 
To diſcover now by which of the two. Quantities x + 2 or + — „ 
the Diviſion is to be tried, I: obſerve, that if it was 27.9 the firſt, — 2. 
ſubſtituted for in the Equation ſhould make it vaniſh, and as this does; 
not happen, I conclude that the Diviſion, by x — 12 is the 1. 9 ta 


be tried, which ſucceeds and gives x* ooo 5.x* — x.+ 10 for Quotient, % 7% 
whence 12 is one of the Values of & in the e e W N 
commenſurable „ ph : 2 

XIX. 8 5 5 

Let it be propoſed to find the comment! wrable Roots of the ren, Sh 
5 4 Third up- 

"rs wi EIS TRA IO THER e plicstion of 

8 „ the method 
e | | SP nk of finding | 

2 v 74 b | 9 ie 7 r 94 A the Sn 

1 30 1 . 2. 15 Phe 10 6 TH 30 7 8 3 —2 1 —3 _ 10 menſurable. 
C 4 + e 

—1 4%. 4. 8. 8 10, 20. 40 Tae 


Having ſet down i in a firſt vertical Columns the Values t,0,— 1 to 
Sy given OA x; in a ſecond, the Numbers 30, 36, 4b, into which the 
propoſed Quantity is transformed by theſe Suppoſitions, and in a third, 
all the tad 1 35 57 6, 10; 395” 30 of the Number 30; the Di. 


7 
, 
7 
2 
2 
72 
4 
x 
i 


7 wtdaruties tion of the ſecond Degree. 


. ELEMENTS OF. | 
viſors I, 2, 3» 4, 6, 9, 12, 18, 36 of the Number 36, the Divides "PT 1 


4, 5» B, 10, 20, 40 of the Number 40 ; I find among all thoſe Diviſors 


* four Columns that have the required Conditions, the firſt + 3, + 2, 

_ + 1, the ſecond — 2,— 3, —55 the third — 3, 4, Ss. the fourth 

+10, +9, + 8 | 
To diſcover which of thoſe Progreſſions : are to be rejeted, 1 firſt. put 

* 29 and ſet down 2 above 1 in the firſt Column, I afterwards ſet 

down in the ſecond Column 74, the Number into which, the Propoſed 
Quantity is transformed by ſuppoſing x = 2. I now perceive. without 
taking the Trouble of inveſtigating the Diviſors of this Number, that 
the two Columns + 3, +2, +1, and + 10, ＋ 9, +8, are to be 
rejected, for if the fit could be admitted, we ſhould find + 4 among 
the Diviſors of 74, and if the ſecond could be nee, we ſhould find 
34 11 among the ſame Diviſors. 

But I perceive, that the Numbers — 1 and — 2, that the Columns 
— 2, — 3, — 4, and — 3, — 4. — 5 require, are Diviſors of 96. 4 
therefore ſet down the Numbers — 1 and — 2 above — 2 and — z 
in the ſecond and third Colums, I afterwards try to exclude one of theſe 
two Columns — 1, — 2, — 3, — 4; and — 2, — 3, — 4, — 55 1 
is eaſily effected, ſince if the firſt was to be admitted, the Equation 


15 ſhould be reduced to o by putting x = 3, which not happening, there 


remains only the Column — 1, — 2, — 3, — 4, — 5 to be tried, that 
is, the only Diviſor to be tried is x — 15 Which ſucceeds, and gives for 
Quotient æ&5 + 3x3 — 5 x — 9. whence ＋ 4 is one of the Thee of 
* in the propoſed. Equation, and the only commenſurable one. 
i | 
© Advantage When an Equation of the fourth Degree has been upd to have its 
of w_— four Roots real, before its reduced Equation is attempted to be ſolved by 
eee Frog Approximation,in order to obtain the Value of x to ſubſtitute it in that of z 
rable divi- (Art. CL. Chap. 111.); it will be proper to examine by the foregoing Method 
ſors in the whether any of its Roots are commenſurable if it has but one commen- | 
ther chan ia ſurable Root, the other thre cannot be found otherwiſe than by Approxi- 
the propoſ- mation, viz. by ſolving an Equation of the third Degree, whoſe three 
1 Roots are real; but if an Equation of the fourth Degree has two com- 
fourth de. menſurable Roots, its Reſolution may be compleatly effected, ſince when 
Ne theſe two Roots are found, there will only . to be ſolved. an bs 
15 e 5 
7 When: an Fqvariog -of the fourth Degree has two e e Roots 
it will be eaſier to find them by Means of the reduced Equation than 
buy itſelf; for it is manifeſt that in this Caſe, in the four Values of z 
repreſented i in general by i -- (31 - —i+l; -i -= i can only 
be 2 commenſurable Qu antty, and conſequently in the Root xx — 47 


$PECIOUS. ARITHMETICK. ay 


5 of the ee Equation, 4 ii will repreſent a. commenſurable ad 4 Sa 
Quantity, whence we are to ſele& out of the Diviſors of * laſt Term, 
only ſquare Quantities, affected with the Sign —. 

2 "Likewiſe if the Equation z* + p zz + 7 +r=0 can he b 
into two Equations of the Song egree the Coeficients of whoſe Terms 
are commenſurable Quantities, we are to inveſtigate the Diviſors of the 
reduced Equation, and ſelect out of the Diviſors of the 1 Term my 
vere GY and alleed with the n „ Bs OS 


bk. 
* = 


$ 


| Equ has not two e 
| Roots, or is not reſolvable into two ef of the ſecond Degree, 
the Coeficients of whoſe Terms are commenſurable Quantities, it may 

be reſolvable j into two Equations of the ſecond Degree, the Coekcients of of 


whoſe Terms are ſquare Radicals, in this Caſe the Part +7 — x of the 


of z, or which is the ſame, the Part i common to the e Fab 
i + kh, -i — i — 1, ſhould be a ſimple Radical 
af the ſecond Degree, | becauſe in the reduced Equation x is every 


where of an even Number of Dimenſions, conſequently in all Equations 


of this Nature, their reduced Equation is diviſible by x x + a commen- 
ſurable Quantity, and of courſe Equations of the fourth Degree are 


'reſolvable by the foregoing Method, when their reduced . 5 


Diviſors oy this Form. 55 5 


XXI III. 


Let, for 1 the MIT. of Art. CLI. Chap. 127. 0 7% 1 43 The fore- f 
er | 
illuſtrated 


Term 2704 of its reduced Equation, x$ + 6'x* — 183/x* — 2704 o, by 15 ex>, * 
thoſe. that are Squares, and that are affected with the Sign —, and I find __ | 


+ 99 u* + 228 u + 144 = © be propoſed to be alved, to diſcover 
whether it has two rational Roots, I ſele& out of the Diviſors of the laſt 


that this reduced Equation has for Diviſor x x — 16 o, whence the 


Roots of the propoſed Equation are found as in the above een | 


Article. 
In like Manner, if the Equation of Art. cLIV. | Chap, 01. af 6 25 


+ 8 2 — I = rank wer to be ſolyed, it wou appear by this 


Method that 95 WE Equation x$ — 12 & +.40.x* — 64 = o, hag 


for Diviſor xx — 8, whence ma obtained the Roots of the propoſed 


Equation. _ 
To ſhow the Uſe of the foregoing Rules in the Solytion of Problems 2 
here follow ſome Examples: : 


0 


How to diſe 
tinguiſhthe 
uatidus 
6 
fourth de- 
gree whoſe 
roots are 

| uy affe&- 


f | Expreſſion + en 4 4 F +) « of the Value Taree 


3 


r AAS a 
- . * „ - n * „„ . L \ 
SPE DES 22 het * P I 


. — Z rs TS. * 8 


᷑ OIHIPH "ELEM ENTS. . 
+ 5 | gh ö . 1 gs " XXIV, ba ns 1 woes or en 
4 2 jan erm a W in 12 e | 

the Sum of the Days in which tr could each have ſeparately performed the 
ame, be multiplied by the Days in l A. alane (de working quicker thun B) 
7 reuld Rave done i," tHe hots reg eee e hc e an Weed 
. 
| Another Suppoſe A could do it alone” in * Days, and B in 3 Days, then 


problem 
Fives by X:1==12.: — = the Work done by A, and ”: 2 1 4 12 YE" = the 
the forego- ** 3 


ing me- 


thod. wen dons by Bi 12 Days: then © "+ FI or Lungen, 


5 "he 41S 
. or 1 — 127, then y e conſequently IE, = E=#J, 


bet (s + 2) x * = = xx + x5 = = 1000, that is, xx + =" 1000, 


or x3 —12xx 4-12 Xx==1I000 Q - 120, then x3. — 1000 x+12000=0, 
- : Now by the foregoing Method, there will þe found the Diviſors 21, 20, 
19, differing by Unity, byt 3 - 20 wil N the . wherefore 


* 255 1 * For” 
4 Maſe had hey: cubjcal Pieces of 7 e hes as 1073 | ' 
and being ſeverally placed in his Yard, t hey fland aun 130 ſquare - 

In of the Ground,” Ei are the Sides of thoſe Cubes 8 id 
Third pro- | Suppoſe x = the Side of the greater, and y the Side of the leſſer Cube, 
blem ſolveęd then 45 + yi 10% or 72 — 5 and æ * +y y = 130, 
ling me. and & = 130 7 but 4 = (1092 — 917 = (190. wp J 
thod. hence y* — 195 * — 1072 y3 + 25350 y* — 523908 = ©; and by the 

_ *_ _ foregoing Method, there will be found among the Diviſors 9, 8, 7, 6, 5, 
- differing by Unity, but ? 8 will divide the * ee 


wo 7 and * = s 77 
| - XXXVI. 


lt we poogaes 1 has no ſimple Divifor, then we are ta enquire 
Fi it has not ſome quadratick Diviſor, (if itſelf is an Equation of more 
than three Dimenſions) the Solution of Equations of the ſecond Degree 
being as compleat as that of the firſt. How the Analyſts have proceed 
aber ed in this Reſearch we ſhall therefore continue to explain. 
method f Let & v +6bx + < = Q expreſs the Equation of the ſecond Degree | 
fading the that may be one of the Factors of a given Equation, or what amounts 1 
een to the ſame, let xx + bx +c be the Diviſor fought of a given Quan- 8 
rable fac- tity, by putting x = o in this Diviſor, it is manifeſt, that it : will be re- 
tors of ary duced to the Number c, and that this Number 5 de one of 18 N 


| 8 viſors of the laſt Term of the” MS Quant ty. 


7 . 3; AAPL: 


\ 


| ſecond, the Quantity 5 will be obtained; fubſtitating afterwards thoſe 


* 


spECIOGUS AARITHMETICE. 
N imo 1 + & + e, which will be one of the Divifors of the 


Number that reſults, by putting likewiſe in the propoſed Qyantity 
* = 1. Wherefore, if all the Diviſots of this Number be inveſtigated, 


and Unity be deducted from each of them affected as well with the Sign 
Tas with the Sign —, among the Numbers poſitive and negative, re- 
fulting from this Operation, the Number expreſſing þ + « will be 


found. 


If lay we put x == — 1, as well i the propoſed Quantity as in the 
Diviſor x x +5 x + c, which then becomes 4 — 6 Fe, it is eaſy to 
perceive that if all the Diviſors of the Number that reſults be inveſti- 


gated, and Unity be deducted from each of them affected as well with 


the Sign ＋ as with the Sign —, — — poſitive. and ne- 
enn . 


gati ve refulting from this Operation, 
„ nh 7 nh 8 8 | 
Now, as c is an arithmetical Mean between þ + c and —3 + c it fol- 


lows that out of the three Series of Numbers expreſſing & + e, ec; -e 
thoſe only that are in arithmetical Progreſſion are to be ſelected. When 

three Numbers in arithmetical Progreſſion are found, it is manifeſt the 
one correſponding to the Sappoſition of x = © is to be aſſumed for , 
and as the Number that correſponds to the Suppoſition of x = 1, 


will repreſent 5 + c, it is manifeſt, that by deducking the firſt from the 


two Numbers in the Room of b ard c in x* + b x + e, there will re- 


fult a Divifcr for the propoſed Quantity to be tried, and the only one 


to be tried, if but one arithmetical Progreſſion has been found among all 


the Series of Numbers furniſhed by the Diviſors of the Quantity in which 


& has been made ſucceſſively = 1, 0, — 1. If ſeveral arithmetical Pro- 


— 


Wü 1 


greſſions have been found, thoſe that are to be rejected will be found 


much in the ſame Manner as in the Cafe of ſimple Divifors, by making 


new Kh gs for X, 48 — 25 3» or + 2, + 35 Fe. 5 . 

For if in the propoſed Quantity we put, for Example, x ===2, x = —3, 
Ee. it is manifeſt that all the Pivrſors, as well poſitive as negative of 
the Number that reſults, will beexpreſſed by 4 — 26 ＋ e, or 9 — 35 


c, &c. into which x* + b x + c is transformed, when x = — 2, or 


x = — 3, &c. ard deduQting from all thoſe- ſame Diviſors 4, 9, &c. 


the remainders will he expreſſed by — 2b ＋ c, - 35 + e, &c. Now, 
— 25 Fe, —- 3b Te, &c. being Terms of the avithmetical Pro- 
greſſion 5 + c,c, — þ + ©, no more remains to be done than to ſearch 
among the Progreſſions already found, for one that is not altered by 


hefe new Values of x, which will ſerve to determine the Numbers 


* 


* 


l we afterwards put x ＋ 1 in the Diviſor x* + þ + 4 & it will 


I I 
O 21 
— 6g 
—2j 125 
—3] 147 


8 plication 
the fore- 
2 me- 
thod to an 
example. 


ELEMENTS or 


5 xxx n. 
let it 0 propoſed, for Example, to figd a Diviſo of two Dimenſion 


of the Quantity 
wt gran {30 „ 


1 1 1. e ee 
1. 8. 13. 6g 1 eee — 3 F © 4] =14j—6jJ— 
1. 5. 25. 125 | 4 | —129,—-29, —9,—$,—3, 1,21,14f 1 | — 9 | 3 

45 3. 7. . 9 —1 56, —58, —30, —16, —1%, —10, f 3 

49. 147 —8, —5, —2, 14, 40, 138 FF | 


11 firſt ſet doſes i in a vertical Column the Values 1, o, — 1 that # are 
propoſed to be given to x, I ſet down afterwards in a ſecond vertical Co- 
umn the Numbers 1, 21, 65, into which the propoſed Quantity is tranſ- 


formed by thoſe Suppoſitions. 
I ſet down in like Manner in a third Column, beſide the firſt Num- 


ber, its only Diviſor 1; befide 21 its Diviſors I, 3, 7, 213 and beſide 


65 its Diviſors 1, 5, 13, 65. 
This being done, I ſet down in a fourth Column the Nombers I, ©, Is 


Squares of 1, 0, — 1 wrote in the firſt. Column, and conſequently the 
Values of xx in the ſame Suppoſitions of 1, o, — 1. Laſtly, I forma a 


fifth Column from thoſe Conditions: 


19, That the firſt Line may be — 2, o, found by deduQing I from I 


taken with the Sign — and with the Sign +. 


29, That the ſecond Line may be compoſed of the Numbers — 21, 
7. — 3,— 1, +1, + 7, + 21, the ſame as the Diviſors which are 


ſet down beſide them, but taken with the Sign'— and with the Sign +. 
3. That the Numbers of the third Line may be — 66, — 14, — 6, 


— 2, o, + 4, + 12, + 64, the firſt of which — 66, — 14. — 6, — 2 


found by deduQting 1: from the Numbers 65, 13, 5, 1 affected with the 
Sign —, and the others o, + 4, ＋ 12, + 64 found by deducting L from 


the ſame. Numbers 1, 5, 13, 65 affected with the Sign +. 
To determine afterwards the arithmetical Pr 5 Se contained in 


| thoſe three ſeries of Numbers, I begin by taking in the firſt Line the 


Number — 2 for the firſt Term of a eke wd I take ſucceſſively for 
' ſecond Terms all thoſe of the ſecond Line; and ſeek at the ſame ' ime 

the third Terms which theſe two firſt would require, and I examine 
which of thoſe third Terms are found in. the third Line: Now, — 2 and - 


— 21 ſhould give for third Term — 40, which 15 not found in the: third 
Line, I ther ore reject 21, and next aſſume — 7 for ſecond Term, and 
as it ſhould give — 12 for third Term, and that — 12 is not found in 
the third Line, I rejec alſo — 7, as likewiſe — 3, becauſe 22 laſt ** 
give — 45 which is not found in the third Line. nth. 


* 


* 


* 


1 
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wiſe ＋ 1 taken for ſecond Term, giving + 4 which is alſo found in the 


As to— 1, ſince it gives o for third Term, and © is found in the third 
Line, I ſet down in a faxth Column the Progreſſion — 2, — I, o, -like- 


| + 7 and + 21 ſhould give each a third Term, which is not found in the 


third Line, I reje& them. Having determined the Progreſſions that can 


begin by 2, I paſs to thoſe whoſe firſt Term will be 0, and to find them 


I take, as I did for 2, all the Numbers of the ſecond Line one after the 


other. 


is found there, I therefore ſet down the Progreſſion o, — 7, — 143 
likewiſe — 3 and — 1, giving — 6 and — 2, which are alſo found in the 
third Line; I ſet down the Progreſſions o, — 3, — 6, and o, — 1, — 2. 


As to the Numbers + 1, + 7, + 21, becauſe the third Terms they give 


are not found in the third Line, I reject then. 34 

Jo diſcover now which of thoſe Progreſſions are to be rejected, I put 
xXx = — 2, and ſet down — 2 in the Ard Column; obſerving at the ſame 
Time to place, 19. In the ſecond Column, 125 Number into which the 


I perceive firſt, that — 21 ſhould give for third Term — 42, which is 
not found in the third Line.; I next perceive. that — 7 gives — x4 which 


8 


propoſed Quantity is transformed, by ſubſtituting in it this Value of x, 


29. In the third, the Numbers 1, 5, 25, 125, Diviſors of 125. 3?. In 


the fourth Column, the Number 4 ſquare of — 2, and Value of xx in 
this Suppoſition. 49. In the fifth Column, the Numbers —129, — 29, 
— 9, — 5, found by deduCting 4 from the Numbers 125, 25, 5, 1, taken 


with the Sign —, and the Numbers — 3, + 1, +21, + 121, found by 


deducting 4 from the ſame Numbers 1, 5,25, 125, taken with the Sign +. 
Buy this Means, I perceive that the two Progreſſions — 2, + 1, + 4, 


and o, — 7, — 14, are to be rejected, becauſe they ſhould give for fourth 


Term + ) and — 21 which are not found in the fourth Line. 


But the Progreſſions — 2, — 1, o; o, — 3, — 6 o, — 1, — 2, 


giving for fourth Terms ＋ 1, — 9, — 3, which are found in this fourth 


Line, to exclude at leaſt one of thoſe Progreſſions I have need of a new 


| Suppoſition. I therefore put x = — 3, whereby the propoſed Quantity 
is transformed into 147. I therefore ſet down 147 in the ſecond Column, 
and beſide it, in the third, its Diviſors 1, 3, 7, 21, 49, 147 3 I likewiſe 


ſet down in the fourth Column 9 Square of — 3, or Value of x & in the 


new Suppoſition; laſtly, I ſet down in the fifth Column the Numbers 
— 156, — 58, — 30, — 16, — 12, — 10, — 8, — 6, — 2, 


1, 3 7, 21, 49, 147, taken with the Sign — and with the Sign +.. 


y this Means, I find that the Progreſſions — 2,, — 1, o, + 1; 
o, — 1, — 2, — 3, ſhould be rejected, but that the : Progreſſion 
0, — 3, — 6, —9, ſhould be retained; becauſe the two fifth Terms of the 


7. 


r 


246 „ KE L EMEN TS or n 3 
firſt Progreſſions . FY 2. and — 4, -whick are not found in he 5 
aud Line, lg de iſh Tevth of the Progrofſion 0, — 3. — 6, == 3 1 75 
is — 14 Which is found there. 
Aſter having redueed all the Progreſſtons to one, via. o, 3, 67 l 
1 take in this Progreſſion the Number — 3, which,; in che ſixth Co- 
lumn correſponds to the Suppoſition of x == o, to expreſs: the Tec « of 
the Diviſbr ta # + bu r. I afterwards take in the ſtxth Columm 
likewiſe, © which correſponds to the Buppotition of * == 1, and which 
according to the foregoing Principles ſhould expreſs 5 + of ; whence de- 
qucting c or — 3'fro - e eee ee ee ee and conſe- 
Wend the Diviſor fought v +6bx +cisx# +3 * al 9 if the pto- 
_ poſed Quantity has one of two Dimenſtons; I therefore try the Diviſion of 
this Quantity x5 4+ 3.4% + 2x3 +8 x* — 36 x+2rby 4 x + 38 3, 
a nne + 5 * 7 for Quotient. 5 
| KXEVITN. 
Let; it be propoſed to find a Divifor of two Dimenſions of the Quantity 


464 411 x* 40x u 


2 133 1.710 4. . < 
1331.3 15 COON e -e FOO e +10 
ol 5[t: 0 . e AION 
1 1 o | 
—21 31 = . 
Application en vertical Column the Valse 2, I, O, — 6; kia; 5 


cee which are prepoſed to be given to x; I afterwatds ſet down in the ſecond 

choc to a. vertical Column the Nwmbers 133, 33, 5; L, 3, into which the propoſed 

= —&@  vother ex- Quantity is transformed by thoſe Suppofitions ; J fet down in the third 

rr Column n eppes 4 thoſe Numbers all their Diviſors. In the fourth the 

= __ _ Vahaes:4, 1, o, 1, A of x x, reſulting from the Suppoſitions made for x 
in the firſt Golan; 1aftly, in the fifth Column 1 ſet down, for the fr 
Line, the Numbers — T. 512 eee e e ＋35 +15, + 129 

= found by deduQting 4 £142 the Numbers 133, 19, 7, 1, taken firſt with 

= | the Sign — and after Wards with the Sign — Eikewife in the ſecend Line 

_—_ | the Numbers — — 14, — , — 2, o, +2, + 10, ＋ 32 produced dy 

1 ; 5 . deducting 1 from ie Numbers 3s TT, 35 Ly taken firſt w . Sigh — 

= dad aſtet wards with” the Sign F. I proceed in like Manner to find the 8 

3 ether Lines. All thoſe Numbers being fe down, I take in the fifth Line 75 

=. - of the fifth Column, the Geſt Number — 7" for firſt Term of a Progref- 

Wo 5 ſion, and taking at the ſame Time — 2 in the fourth Line for ſecond 

3 | Term, I percerve-that the 1 mp be we and is not found in the 

third Line; I therefore paſs to o, which ming = 7 for firſt Term, 

„ ＋ 5 for AE Term; and as ＋ * is net found i in the third Line, 


Ls 


I GR” 0. 


of two Dimenſions, or none at all; for when a Quantity of four Dimen- 


reſults c = 4 pare b + S 10, that is, 6 = 5, Whence'the Diviſor fur- N 


erer us ARITHMETIC... 
the Numbers in the: fifth Wu there n no Pros . 


groſſion that rod nb . , 
I therefore 92 — 5 for firſt Term, and 1 perceive that aſſuming A i e 
te" ſecond Term, the third will de . 1 which is found in he third 5 . 
Line, but gives for fourth Term + 4, which is not found in the ſecond ET 
Line; I therefore reje& — 2, and aſſume o for ſecond Term, and there "2 
refules ＋ 5, ＋ 10, ＋ 15, for third; fourth, and fifth Terms; and as 1 
all theſe Numbers are found in the third, ſecond, and firſt We 1 fet _ 
down in the ſixth Column the Numbers 15, 10, 5,0, — 8. * 
Afterwards taking — 3 for firſt Term, I perceive that bende; — 2 2 
nor o can be 3 for ſecond Terms, beeauſe the firſt would produce ; 4 
the Progteſſions — 3. — 2, — 1,0, 4 1, the laſt Term of which is N 1 
not found in the art Line; and the ſecond would produce the Pro- 3 
greſſion'— 3, o, +3, Kc. which fails counting from the third Term * 
Wn which il not 4 in the third Line. ä 
It remains ts le — 1 for Arft Term, J Ert give it — 1 for ſecond , 3 
Term which does not ſueceed, but aſſuming o for ſecond Term, there | 
reſuk for third, fourth, and fifth Terms, the Numbers + 1, + 2, +3 
which are in the third, ſecond, and firſt Lines; I therefore ſet n in | _ 
_ Column the Numbers + 3, ＋ 2, + 1, o, - 1. 1 
This being done, I perceive that there is no further Occaſion of giving 1 1 
x new Values to exclude one of the two Progreſſions, becaufe the given _ -. -,  _— 
Quantit being of four Dimenſions, muſt neceſſarily have two Diviſore . 


ſions has been found to have a Diviſor of two Dimenſions, the Quotient 2 
which is likewiſe a Diviſor, vill be alſo of two Dimenſions. , 
According to this Obſervation, - 1 take indifferentiy either of the 4058 n 
foregoing Progreſſions, the firſt, for example, in which '5 correſponding — 
to the Suppoſition of x o, and 10 to the Suppoſition of & = 1, there 1 


niſned by this Progreſſion is x x + 5 s + 5. I divide therefore the pro- 
poſe Quantity by xx +5 x + 5, and the Diviſion ſucceeding, gives 
for Quotient x & + » + 1, which” vp hom big that e erg Pro- 


greſſiog would have furniſhes. ' 1 ee 
. | | XK. | by 
If it be prope to find the Diviſors 7 an e auch a 3 
eee. 21 y + 20 = o, whele firſt Term has a Co- „ 
cient different from e they ey may be obtgined by employing the Method “. i 


foregoing Principles without being at the Trouble of transforming it inte de the 


one that ſhall have the Coeficient of the feſt term CY 15 e de effec- one dime. 


ted by the Method of Art. xx1t, 4 Ran when. 08 
To make this * ave ſhall feſt alia what concerns: Divitors of term of che. © 
one Dimenſion. mx F a TONE the * Diviſor of any 488 equation 
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cient diffe- 


rent from 


unity. 


— 


| in arithmetical Progreſſion in which it is eaſy to obſerve,  - * 


1 LEMEN Ts oe. — ; 


; poſes) ies, | 11 is manifeſt; that if * be pk cet 1 
2, I, O, , * &c. * This Diviſor will bec cm | 
2 m +.a,'m+ a, a, — m+ 4, — 2m — 4, &. e ee 


19. That the Difference m of all « boy Tema is the Coef 


the Diviſor. 
29. That this ne Difference #4 is T1 a Divifor of the Corficien of the | 


| firſt Term of the propoſed Quantity. 


30. That the Term a ootraſnondiag to the Suppoſition of x = 0, is 
the Part of the Diviſor clear of c-. 

4. That the ſame Quantities in hit Progreſſion wall. % Di- 
viſors of the given Quantity, in whathey has been een put equal 
to 2, 1, o, — 1, — 2, &c. 

From which it follows, that in 1 A 8 ſack. a Gmple Di- 
viſor when there is any, the ſame Proceſs is to be purſued as above for 


the three firſt Columns. Then among all thoſe Numbers a Progrefſion | 


is to be looked out for, whoſe common Difference is a Diviſor of the 
Coeficient of the firſt Term of the propoſed Quantity. Laſtly, to em- 


1 ploy this Progreſſion, in the Room of a in m & +84 the Term of the 


rogreſſion correſponding: to the Suppoſition of æ& = 0 is to be ſubſti- 


| tuted, and in the Room of m the Number found by dedusting any Term | 
of the n from that immediately above it. „ | 


XL. 


Let it be required to find, for Example, the Diviſors of the _ 


fity 
ata? —— 23 x” +3x + 20 


2301. 2.3 5 6. dard 145 30 10 
; 1177117 e . 
020. 24 5.10 20. YT 4 Sl rs 
33 . Feds. 
2 a > +4 


1 range as uſual in the firſt 98 the Suppoſitions 2, 1, W 8 
to be made for x, in the ſecond, the Numbers 30, 7, 20, 3, 34 into 
which the propoſed Quantity is transformed by thoſe Suppoſitions. 


| Laſtly, in the third all the Diviſors of thoſe Numbers. 


This being done, in order to diſcover among all the Numbers of the 


third Column ſome Progreſſion that will ſerve to find the Diviſor ſought; 
I try the firſt Number x of the firſt Line, and I perceive that aſſuming 


for ſecond Term the firſt Number 1 of the ſecond Line, the Progreſſion 
I, 1, I, &c. that refults cannot be admitted, becauſe it cannot repreſent 
the Diviſor ſought m x + a which ſhould neceſſarily vary according to 


the different Values hag to x. I 3 tkewiſe, that 7 cannot be 


in all thoſe Caſes . 


5 
* 
” 
; _— 
her 
_ =O 


1 


— 29711. 3. 9 . 11 27 . 33 . 99 . 299 - 3 —- 9 —11 


: which 6 — 7 ſucceeds, there coming out 4, 5 x3 1255 * — 20 *— 6. 


: Diviſor of the Coeficient of 2 x3, and taking the Term 5 correſpond- 


0. 755 
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aſſumed for ſecond T erm, becauſe the third Term produced by this. | 1 
Suppoſition would be 13, which. is not found in the third Line. e 


Taking afterwards 1 with the Sign —, I perceive that the 1 of tje 3 


ſecond Line cannot be aſſumed for ſecond T erm, becauſe the third would  ' - 8 


be 3, which is not found in the third Line. As to 7, it is uſeleſs to try 
whether the third Term it gives is found in the third Line, ſince the 
Difference of — 1, to 7 is 8, which is not a Diviſor of the Coeficient of 


the firſt Term of the propoſed Quantity. Wherefore I whether taken with R 
the Sign ＋, or with the Sign —, is to be rej jected. „ 

Taking in like Manner all the other A dang of his firſt + 2 I fad 1 
caly 10 that can have the required Conditions. Aſſuming 7 for ſecond - 
Term, it gives the Progreſſion 10, 7, 4, 1, — 2 whoſe common Diffe- Z 
rence is 3, Diviſor of the Coeficient of 6 3. 

Setting down therefore this Progreffion in the fourth Column, FE woke 
the Term +4 correſponding to the Suppoſition of x = © to expreſs the 


Part a of the Diviſor ſought, and deducting the ſame Term +4- 4 from the 
Term above it ＋ 7 which repreſents m + a, I find 3 for the Expreſſion 


of m, that is, the Diviſor ſought if there is one, muſt be 3 * ＋ 4. I 1 
therefore try the Diviſion by this Quantity, which ſucceeds, and gives _ 
2 x3 — 3x* — 3 x + 5 for Quotient. i: 
In like Manner, if it was required to find the Diviſory of the Quantity f 1 

5 24 * — 50 +49#3 — 140 x* + 64 x + 30 | "2M 

2 "WF LE" Ev "ES" To 80 1 21. ron — + 3þ+3þ+ 7- 


5 2 * 5 6 10 15 30 „CFC 
Here the Diviſors to be tried are 2 x — 1, 4 x — 5 and g — 3 yo | | 


£ 4 | 
”" TW thew the Uſe of whe: foregoing Rules in the Solution of Problems, Problem 7 
hoy follow ſome Examples: ſeolved by 
A Maſon had 2 cubical 2 and Marble, the Side the one e the . _ WW” 
Side of theother by 7 Inches, and the hald Inches in both made 87: 35 w hat © _ 


were. their Dimenſions 3 £ 
If the Side of the x5; Cube be efpreties by *, then the Side of the . 

eee be * 7; and x3 + (x + YT Were 
ence 2 x3 + 21 x* + 147 x — 530 = 0: Now, 8 egoing 

Method I find the Progreſſion 7, 5, 3, whoſe common ifference is 2 a2 


ing to the Su re of x o, to expreſs a and 2 for m, I find that 
bs 147 x — 9 is diviſible by 2 wo. og | for Quo- | 
2 


4 l 1 


ELEMENTS oF. th 9 
| . | 1 792 e 95 4 28 | Days 
Another 4 are e 6 t erence of w - Os is il 
probe their Difference be a: by the greater, ils Froduct will by 36 J I 


he fore? dre thoſe Numbers r ; 
goingrules. If xy = the greater and 7 dhe deer of theſe Numbers; antly 


(x—9)X 36, ora Z = | Also s 5 =604, by Quel. and 
dividing the ſecond Equation by the firſt, x* ++ x 3+3 9 : , 
alſo by fecond . — 2 . = EEE = =. Lg 
Difference of the two laſt * 3 K rol _, therefore, 


11664. __ =604, whence 27 FL 131 75 + 163085 — 19540 = '0. 5 


1277 
| Now by the eee there will be found the Progreſſion 7, 6, 
$, 4, 3, whoſe common Difference is 1 a Diviſor of 25 the Coeficient of 
the higheſt Power of , and taking the Term 5 correſponding. to 
the Suppoſition of y =. © to expreſs a, and 1 for m, I find that 
; 27571 — 1515 3 + 16308 y — 79540 = o 1s diviſible b 525. giving 
for Quotient 277 n — 809 + r5god's Where age 
HI. 
Method of We ſhall now proceed to explain bow Diviſors of too, "nent, 
ending the wb the higheſt Power of x has a Coeficient, are inveſtigated. Let 
u wt of 'm * + b x + c repreſent. the Diviſor ſought of a given tity, it 
Ma a” I > manifeſt, that the laft Term c will be a Biriſor of the laſt Te rm of 
„ hat = the given Quantity, and that m will be A Diviſor of the Coeficient of the 
Weicient. higheſt Power of x in the ſame Quantity, 
Aſſuming therefore one of the Pi: ors 'df the Coeficient of the firſt 


Term of the propoſed Quantity to expreſs m, and performing the ſame 
Operation as in Art. xxx V1. with this diff ence, that ucting 0 0 
the Squares 16, 9, 4, &£- the Product of theſe Squares i into che N um- 
ber taken for m, in like Manner & and e wr be. found. Fs 

If the Diviſor-that reſults, by ſubſtituting i inms* +4 x e for 8 5 
the aſſumed Number, and for + and # thoſe that have been determin 
_ conſequence. of this AT umption, of ſucceed, another of the 
viſors. of the Coeficient of the firſt Term of the given Quantity i is 2 
be aſſumed to expreſs u, and the Calculation Fo as before. II 
Aer baving tried al. the FT rai of the Coeficient of the firſt Term, 
no Diviſor is found by this M 75 you may e chat * e 
ie has no 8 ler. > {ts 
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yo | „„ -44 714-08 mw Oey . 

f ZBuppoſe, for Exam On rere a Diviſcr of two Dise „ 

ws ; 5 * 8 | 5 5 . 0 

Fn | „ e eee | 1 

d 211211 3.13. 39.5 11 | US mnt eee oi ＋5 

127 | n ene a ſa le3 | 3 

5 of 7711 7:11.77 E —7.—1,.—7.—1, 1,7, 17 1 2d | 1 _ 
—I15351-3.9.17,51. 55 2 —155.—53.—19,.—11,.—5,—3, Des ggg: 19 

81445. 3127 e,, 1%„%½%ęæ 27 


i” 31 2 —=2[43711-19-23:437- 


| Having placed, as uſual, in the firſt Column the Nünbers 2, 15 "0; A plication 
1, — 2, &c. to which & 1257 75 ſucceſſi ively equal; in the fe- ® _ 

J c nd, the Numbers 112, 52 77s 1 3; [437 7 into which the propoſed Quan- men 55 
tity is trans forme e 15  it/thoſe Values of &; in che third, all ample. 

55 the Diviſors of the Numbers in the ſecond: I firſt try 71 it has a Diviſor 7 

Mt _ _ "' 6f two Dimenſions, the Coeficient of whoſe firſt Term is Unit, and not 
to Fi. | finding any, Laſſume for m, that is, for the'Coeficient of the but Term 
at of the Diviſor, the Number 2 which is one of the Diviſors of the Coe 

L 


| | ficient 4 of the firſt Term of the given Quantity. er 
I then ſet don in the fourth Column, inland of the Squares of the 8 

| 2 Numbers of the firſt, The Product of thoſe ſame Squares into 2 — | 
8, ; Value of u, that is, 1 ſet down in Me fourth Column the Numbers 8, 2 
et | o, 2, 8. I aſterwards deduct theſe Numbers from all thoſe of the third | 
it Column taken with the Sign — and with the Sign +, which gives for 
of the firſt Line of the fifth Column — 125, — 47, — 21, — 1), — 11, 
ae e 15 r, s, +37, +1095 tor the ſecond Line — 7, 
{| Fi thoſe Numbers b eb | ſeek for arithmetical Progreſſions 
ne © Hilony theſe Nithiers, 6 1 find but the Progreſſion +5, — 3, — 11, 
of 219, — 27 which I ſet down in thefixth Column j now'taking — x1:cor- 


| | a reſ pding to the Suppoſition of x o, to expreſs the Number e, and 
| uQing this Number from — 3 which is above it, I find the Remain- 


". - | cer for to expreſs . The Diviſor therefore that reſults from the Sup- 

A poſition of mM = 2 18 2 * ＋ 8 113 and trying the Diviſion it ſuc- 

1- . ' Ceeds, giving for jotient 2 #3 — 7, and e taking the Trouble 

1 of going thro' the Calculation that the Suppoſition'of m would re- Every 
If —quire," 'T; perceive that it would not ſueceed, becauſe this: the Quotient r of 

—— 2K — 7 could be refylved into Factors of two Dimenſions,” which is han 
ed et impoſſible. Whence che propoſed Quantity has no other r Diviſor of that has di- 

55 two Dimenſions but 2ͤ* + 8'x — 17. | viſors muſt 


i "When the Qgartity whoſe Diviſors/are to be inveſtigated does not en- eli 

N | 2066 the fifth Degree, they may be found by the foregoing! Methods; number of 
for if this Quantity is found by thoſe Methods to have no fimple or qua- 1 7 

dratick Diviſor, we nay allo conclude that it bas no cubick Diviſor. MI 
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lIkche qua- But if the Quantity riſes to ſix or more Dimenſions, it may poſſibly 


tity has fix not be reſolvable but into Factors of more Dimenſions than two, the 
or more di. Method to be purſued for finding thoſe Diviſors is founded upon the ſame 


* . 


menſions it * he : 
ma have Principles as the preceding nee. 
| oof 2 Thus if it be a cubick Diviſor that is required to be found, let it be 
tore di- n & — 1 A CA, by ſuppoſing & equal to the Terms of the 


- 6f more di- 
* „ 1 


+ menfiow, arithmetical Progreſſion, it will be as follows: | 


| rr 2| 8m—4n+2r—s| 814 - 22 ＋ [ 3 — 12 
S % rf} ra. 

7 $10 ro THe + orc 
nz „a ++]. | 
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Mzthod for Where the firſt Differences are not themſelves in arithmetical Progreſ- 
| KGnding di- ſion, as in the laſt Caſe, but the Differences of its Terms, or the ſecond 
dice of Differences, are in arithmetical Progreſſion, the common Difference. | 
dre d. being 2 n, whence n is known. The Quantity r is found in the Column _ 
| menſions, of the ſecond Differences, and 515 always to be aſſumed ſome Diviſor of | 
| the laſt Term of the propoſed Equation, as mr is of the Coeficient of the 
| firſt Term; whence all the Coeficientsof a Diviſor m x3 —n rx, 
with which Trial is to be made, may be determined... / | - 
If it is a Diviſor of four Dimengons that is required, by proceeding 
in like Manner, you will obtain a Series of Differences whoſe ſecond 
3 Differences are in arithmetical Progreſſion. If it is a Diviſor of five ; 
| | Dimenſions that is required, you will obtain in the ſame Manner a Pro- | 
greſſion whoſe third Differences will be in arithmetical Progreſſion, and 1 
by obſerving theſe ee you: may diſcover Rules for determining 
the Coeficients of the Diviſor required. : 5 
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1 22 + „„ "77% | 9855 
Hitherto we have only ſhewn how to find the Diviſors of Numeral 
Equations, but as literal Equations may alſo have commenſurable Di- 
viſors, we-ſhall proceed to explain how they are to be inveſtigated. : 
Suppoſe, 19. That the Equation includes only one known Letter with 
x, and that this Equation, to uſe the Language of the Analyſts, is homo- 
geneous, that is, has all its Terms raiſed to the ſame Dimenſion, ſuch 
for Example, as the Equation æ — @ x* — 10a* x + 6 a3. It ſuffices. 
to ſubſtitute Unity in the Room of the given Letter a of this Equation, 
and find its Diviſors by the preceding Rules. Theſe Diviſors being 
found, if they are of one Dimenſion, the Letter @ is to be ſubſtituted 
again beſide the Number which ſerves for ſecond Term. If the Diviſor 


Was propoſed, by putting 121, it will become 2 x5 + 5 x4 — 3 x3 


Dimenſions of 2 * + 5a x* 3 4 * — 9 4 * — 204, ͤ + 1265. 


is of two Dimenſions, 4 is to be piaced after the Coeficient of the ſecond 


Let the Quantity x3 +4 « x* — 17 a* x — 12 a3 be propoſed, by | N 
tting a = 1, that Quantity becomes x3 + AX — 17 x — 12 whoſe | 1 
iviſor is x — 3, whence x — 3 @ is a Diviſor of the propoſed Qyan- 4 
In like Manner if 2 x5 +5 4 * —3 a x3 — 80% K« 20 at x + 1245 4 2 


.geneous Equation involving three Letters, but by Help of ſome Obſer- finding all - 
vations of Calculation which naturally occur, they may be found after a the *'vifors 


_ Suppoſe, 19. That the Quantity given which involves three Letters in a quan- 
Letters x and a, for Example. Since this Diviſor, be it what it will, tho 


* x 4.07 
© <, "1 . £ \ 
1.3, 1 : ; : — D : Ne 7. : ; - 0 1 1 
* £ - : K ; 1 5 . 
9. 1 , . * . Es e 
f | Pg . , py PA > » 
£ 1 


Py 


 $PECIOUS ARITHMETICK „% 


Term, and à à after the Number that ſerves for third Term. 


— 8 K* — 20 +12, whoſe Diviſor of two Dimenſions. is found to 
be2 x* + 5 x — 3. Subſtituting again in this Diviſor @ beſide 5, and a« 
beſide 3, there reſults '2 x* + 5 a x — 3 4a for the Diviſor of two- 

EET wt 3 AY XLVI. 144 | 
The ſame Rules may ſerve for diſcoverin 


the Divifors in ad homo- zb , 


involving 


much eaſier Manner. eee 


a, b, x, ſhould have for Diviſor a Quantity that includes only two — — 5 


it does not contain 6, divides 1 Quantity in which 5 enters, the 1 
Value of the Letter 4 muſt not affect the Diviſion, and conſequently this . 0 
- Diviſion may be performed even when 5 = Oo. Wherefore if 3 be put 1 
So in the given Quantity, the Quantity ariſing from this Suppoſition „ 
muſt have for common Diviſor with the whole Quantity, the Diviſor 1 
ſought, whence by the Rules of Art. Lxx11r. Chap. 1. the Diviſor ſought 1 
of whatever Number of Dimenſions it, be provided it contains but two — 
Letters, may be foun cg. TT ans \ 1 
i E TLV: 


— 


3 


To ſhew the Application of this Method, let, 19. The Quanti 
* Ta T2 & ＋ 343 & ＋ aD Hat + 4433 82 
of which it is required to find a Diviſor involving only the Letters a, x. | 
By putting 5 = 0, there reſults x* + ax3 + 2 a* x* + 343 x 44 - 0 
whoſe common Diviſor with the entire Quantity, or which is the ſame, rample. 
with the Remainder a bb x + 44 53 is x + @, which is therefore ne- 
ceſſarily a Diviſor of the given Quantity, and the greateſt it can admit 
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- * 
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of that does not- contain 5. | $96 
Let x5 —4ax*+6aax3 —abxz3 Habbx* +2Gabx*— 423 & another 


- 


—— 
* 


. —2aabbx—243 BX ＋ 2 a3 63, be propoſed; b putting & So in Example, 
4 a | 


this Quantity, there reſults & — 4 a * + 6 aa x3 — 


© LET 7A „6 J as x* whoſe 
greateſt common Diviſor with the propoſed Quantity, or which comes to 


* 


the ſame, with the Remainder — 4 35 * ＋ 4 UHU + 243A 8 008. 
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—2aabbx—2 03h x T2323 33, that is, ' the greateſt common Di- 
viſor of the Quantities x3 — 4 a:x* ＋ 5A 423, and — x3 
+bx* Þ2ax* —2d4bx—24aax+2% aab. Now, if thoſe two 
Quantities have a common Diviſor that does not contain ö, it will alſo 
be common to the two Parts — x3 +24 X — 2 4 and bαπ — 225 x 
+ 24 b of the laſt of thoſe two Quantities; but the common Diviſor 


of thoſe'two Parts can only be x X 2 4 + 2 a*,/I try therefore if it 
divides alſo x3 — 4 ax* +6 aa x — 443, andas'it divides it in effect, 
I conclude that it is the Diviſor ſought of the propoſed Quantity. 
Method of. Suppoſe now that the propoſed Quantity, involving three Letters whoſe 
findiog the Diviſors are required has no Diviſor, compoſed onſy of two Letters, or 
diviſors of if it has, that they have been found and ſet apart. Io find afterwards the 
5 involvii | Pimenſion, that it may con- 


Fee tain, Lexpreſs this Diviſor by n x + n a ＋ pb, m, n, p denoting Num- 
letters. bers, I now obſerve that if a, x, þ be put ſucceſſively = © in this Di- 
©» viſor, there will reſult the three Quantities m x + pb, na + p b, 
mx + na, ſuch, that the two Terms that each of them contain is found 
Tepeated in the two other Quantities. m ＋ 5, for Example, given by 
the Suppoſition of a = o, is compoſed of n & Which is found in m H 
arifing from the Suppoſition of 3 o, and of p Which is found in 
'n a 6 ariſing from the Suppoſition of x o; Fperceive at the ſame 
Time, that the Sum of theſe three "Quantities m x + n @,'m x +þ B, 

n + l is the double of the Diviſor mx +'na EB. 
Now, as thoſe three Quantities are neceſſarliyDiviſors of thoſe to which 
the propoſed Quantity is reduced by the ſame Suppoſitions of a, 'x, 5 
equal o, it follows that to find the Diviſors of this Quantity which are 
of one Dimenſion and involve three Letters, we mult firſt ſet down 
| ſeparately the three Quantities into which the propoſed one is transform- 
ed, by the Suppoſition of a, x, 5 = o, then ſet down beſide each of 
«thoſe new Quantities all its Diviſors involving two Letters of one Di- 
menſion. This being done, we 'muſt ſele& three Diviſors out of thoſe 
three Claſſes of Diviſors involving two Letters, having the 'Comditions 
: aboye-mentioned, viz: that the two Terms of which each of thoſe Di- 
. viſors conſiſts, is found in the other two Diviſors. Thoſe" three Diviſors 
being thus found, the Half of their Sum will be the Diviſor of the pro- 
poſed Quantity, if it has one. 99 7 „ 
If it be found neceſſary in order to have in one of thoſe three Diviſors 
| _ "of two Letters, the two Terms which ſhould be the Repetition of thoſe 


"that are in the two others, to change their Signs, it is eaſy to perceive 


that this Change is admiſſable, ſince in general à Quantity that divides 
"another, will ſtill divide it, when the Signs of all its Terms are changed. 
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. To mer the Ae of this Method, et it be n, to find the" 
Diriſors involving three Letters of the Quantity 


2x3 +7 ax* — 3 b + ix —gabz+ab n+ 40 6% 


10 43 653 54 — 3x, 10 — 6þ | 3434 

2 4 1 + 4b 66 ax - 33»»“ů Jl 2 - 35 

ee ITS bel Lond; TP 24 ＋ 5 
. 3 T3 


Having ſet down in a vertical Colekin the three Quantities 10 86*—643; by 


2x3 —3b3* a4bbx—663; 2 x3 + 5 4 * + 54* x, into which ae. 
this Quantity is eee by the Suppoſition of x, a, b equal o; 
I fet down in a ſecond vertical Column fits each of theſe three, 
pies their Diviſors of one Dimenfion involving two Letters. 


e firſt gives 5 — 36 and 10 4 — 65; the ſecond only 2 x — 3 5, 
and the third 2x ＋ 5 4. I now perceive that if of the two Diviſors 
5 2 — 33, 10 4 — 65, the firſt 5 a,— 3 b be taken; it will have with 


the two Diviſors 2x — 3b, 2 x + 5 a, the Conditions required. For 


this firſt Diviſor 5'@ 35 contains 54, which is repeated i in the Diviſor 
2 x + 5 a, and — 33 which is repeated in 2 K 333 likewiſe 
2x — 36 contains 2 #; which is repeated in 2 x + 5 @, and 
— 3 3 which is repeated in 5 4 — 3 3; laſtly, 2 K + 5 4 is 
compoſed of 2 * and of + 5a, which are repeated in the two others 

— 3b, 2x — 36. 1 therefore, according to the foregoing Rule, 


5.0 : 
add theſe three Diviſors together, and there reſults 4 ͤK 63 ae: 
the one half of which 2+ — 3Þ + 5 4 is the Diviſor ſought. ay: e : 


trying the Diviſion, I find for Quotient & 15 ax 2b . 
„ 
Let it be propoſed to find the Diviſors of one Dimenſion invoing 
three Letters, of the Quantity FTP 


arri —10bx3— gat. 8412 ade e 5 1e 


ga*ÞB* 15483 3 L 55 2 4150 1 apbd: 
8 * — 104 [4K - 53, 8«ͤ« - 10 | 442 —-5 53 
| eee 45 E e ee 3 3 


2 nl 


25 —3 EE $5 r 


r 
* * 


Putting i in (Uh Quaptiy's 8 a, 5 rel el So, derb ins the three 


Quantities 9 b* + 15 33, x* — 103 23, 8 * 2255 3 xt, moe © 
whieh II ſet down one ee” the cther in a vertical Column. I ſet down exemple. 
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„„ iir 
| in another vertical Column beſide each of theſe Quantities, their ' Divi- 
fors of one Dimenſion involving two Letters; thoſe of the firſt are 
 3a+5bandge +155 ; thoſe of the ſecond 4x — 5b, 8x — 103 
and thoſe of the third 4 x — 3a and2x +a. 3 
It is now eaſy to perceive that the three Diviſors 3a + 5b, 4 x — 55, 
_ and4 x — 3 4 have the Conditions required, provided the Signs of the 
firſt be changed, that is, by ſetting it down thus — 3a — 5; I there- 
fore ſet apart thoſe three Diviſors in the fourth Column, I add them to- 
gether, and I take the one half of their Sum, which gives 4x — 3a — 53 
for the Diviſor ſought, and trying the Diviſion, it ſucce:ds, giving for 


oy 


exact Quotient 2 x3 EAX — 3433. 

. In thoſe two Examples the Diviſors of one Letter of each of the three 

The fore - Quantities of the firit Column were not ſet down, becauſe thoſe Di- 

| Fhod' ap. Viſors could never be the Quantities into which the Diviſor involving 
plied for three Letters is transformed by the Suppoſition of x, a, - equal o, and 
finding the beſides it has been ſuppoſed that it has been found by the Method of 
ae vB Art. xLv1. that the propoſed Quantity has no Diviſor involving two Let- 
three let- ters, but if the propoſed Quantity has Diviſors of this Sort, they may 
ee be found at the ſame Time as thoſe pee Letters, by the fore - 
as thoſe in- going Method, provided they be but of one Dimenſion. 
volving EPR. Suppoſe, for 3 you are to find the Diviſors of the quantity 


” 


1623 $164 5* —48 ox* +350 x—16abx—64) + 30'b.. 
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Having ſet down in a firſt Column the three Quantities — 643 + 34 b, 
16x3 + 1656 x x, 16x3 — 48a K* + 354 x — 6 a3 into which this 
Quantity is transformed by the Suppoſition of x, a, h equal o; I ſet down 
inthe ſecond Column, and in the firſt Line a, 3 4, — 24 , —6a-+38 

Diviſors of one Dimenſion involving one and two Letters of the Quantity 
— 6a3 +3 a* , likewiſe I ſet down in the ſecond Line the Diviſofs 

| X, 2 K*, 4 K, 8 x, 16 Xs. x + b, 2x +2 b, 4 * * 45, 8 ＋ 83, 

a | 16 x + 166, of the ſecond Quantity 16 x3 + 16 bx x: and in the third 

Line, a — 4X, 34 — 4 x, x — 2 @ Diviſors of the third Quantity 


Ay. 0 
* 
* 


: Now on account of the great Number of theſe Diviſors, in order to 
omit none of them that may have the Conditions required, I obſerve 


— 


TS 
, 755 2 
© Ws. M 


* 


S 


n. . _ 
7 x : r 
* „ N * 7 
4 A RS 
- = 


LY 


SPECIOUS ARI THMETICK. 


much the ſame Order as in trying the numerical Diviſors. Comparing the 
firſt Diviſor of the firſt Line with all thoſe of the other Lines, and per- 
forming afterwards the ſame Operation for each of the other Diviſors of 
the firſt Line, I perceive firſt, That if à is a Part of a Diviſor of the 


propoſed Quantity, it muſt be a Diviſor containing only a and x, be- 


cauſe if it contained another Term &, this Diviſor could not be reduced 


to a by the Suppoſition of x = 0. In this Caſe therefore we have only 


to chuſe among the five firſt Diviſors x, 2 &, 4 x, 8 x, 16 K. Now, 
as among all thoſe Diviſors, only 4 x is repeated in the third (provided that 
this Diviſor is affected with the Sign —), and at the ſame Time of all 
the Diviſors of the third Line, there 1s only the firſt a — 4 x which in- 
cludes the ſame Term à of the firſt Line. I conclude that if a be a Part 
of a Diviſor, this Diviſor muſt be a — 4 x; I therefore ſet it down a 
Part. I afterwards paſs to 3 @, and as I find it repeated in the Diviſor 
a—4 x of the third Line, and that the other Term 4 & of the ſame. 
Diviſor is found among the Diviſors of the ſecond Line, after changing 
the Sign of this Diviſor ; I conclude that 3 a — 4 x may be alſo a Divi- 
ſor of the propoſed Quantity, and I ſet it apart likewiſe in order to try it. 
As to —-2 @ + b it cannot alone be a Diviſor of the propoſed Quantity, 
becauſe then among the Diviſors of 16 x3 + 1635 x x the Term 5 ſhould 
be found, to which — 2 a + 6 is reduced by the Suppoſition of a = . 


It remains therefore to try if it be not a Part of a Diviſor in which en- 


ters; I obſerve that of all the Diviſors of the ſecond Line, only x 4 


can be compared with it, becauſe it is the only Diviſor that has the Term 


bin common with it. I perceive likewiſe, that of all the Diviſors of the 


third Line only x — 2 a can be compared with theſame Diviſor — 2 a + b, 


becauſe it is the only one that contains the Term — 2 4. I obſerve/, 
laſtly, that as the two Terms of the Diviſor — 2 a + þ are repeated in 


the two other Diviſors x. + 5, x — 2 a, ſo likewiſe the Wo Terms of 


the Diviſor x + 6 are repeated in the two ethers — 2 4 + b, x — 2 ay 
and reciprocally. that the two Terms of the Diviſor x — 2 a are repeated 


in the two others x , — 2a + . Whence I conclude that the three 


Diviſors — 2 a + b, & + 6b, x — 2 a, have the required Conditions to 
form a Diviſor, I therefore add them together, and ſet apart the one Half. 
„* - 2 a +.b of their Sum for a Diviſor to be tried. As to the Divi- 
ſor 6 @ + 36, Iperceive at once that neither of its two Terms are repeat- 
ed among the Diviſors of the other Lines, and conſequently it is to be 


rejected. 


| "Having thus found the three Diviſorss—4x, 3 —4mn—- 24d 
with which Trial is to be made, I try the ae which ſuc- 


ceeds, and gives for Quotient 3 44 — 16 4 * ＋ 1 x x, which I divide 


afterwards by 3 a— 4 x. The Diviſion likewiſe ſucceeds, and gives for, 
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258. ©» BLEMENTS ON 
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Prodpk of hole three Diviſors. 
111. 


Method of If the 8 3 has no Diviſor of one  Djmepſion, 1 we are - 
+tnax+pbsx 


2 yi to enquire if it has not ſome quadratic Diviſor. Let m x 

twodimen- 4 2 Tra Bexpreß this Diviſor; putting tucceſſivel y x o, 

ſions invol- 4 mA Og 3 = O, in this Diviſor, there refults - 

ſevere, | q.a* +rab+ bby wx* +p ba +5bb; mx* na x +9 47 

iter. Which are all three: Diviſors of the Quantities into which the propoſed. 
one is transformed by the ſame Suppeſitions of x» a, 5 equal O. More- 
overs each of thoſe iviſors i is ſuch, that the Terms affected with ſquare 


Letters are repeated. in the two other Diviſors, whilſt the Terms, chat 


= contain a ProduQ- of two Letters are alone of their Species. When, 
therefore, among the Divifors ef two Dimenſions and involving two. 


Letters of the-Qyantities to which the propaſed Quantity is reduced by 


the for Suppoſitions, three are found having the above-mention 
Ge, bo adding them together, and taking the one half of all the 
Terms affected with Squares, and leaving thote that are reQangles en 
dire — Diviſr ef two x Dimegſzotis to be : tried will be obtained. 


LIV. 


. - Na how the Application of this Method, let it be propoſed. 1 


this whether the following Q which: has no N Nwilor, bas any 
method * quajiratick; Duxaſhd r. <q as i, 7 


an ex- = 
ample. Are 


se. abate — 142 5¹. —＋ 3Vix—afzn—gath* 5 
3057 „ Nm I E 4570 „345 »3ab, 35 i = -6* | | 3 52 


„T 


4 +304 be Hae” 


e ate 


pid e. * * 42 5% 4 — 9 x* into which the 

= ſed Quantity is transformed by the Suppe dee 15 x; 4, J equal d. 
Fi warde ſet down beſide theſe Quantitity "their" Diviſors of two Di- 
| menſtens z the firſtgives d, a 3, 5%; 34% 3 4, 353 the ſecond 
33% x x* ＋ 373 the third only x* + ax. In this Method, the 


55 Diviſors 8 onl 5 _ Term. LAs. not to be re jected, even 050 dit 


Has been foung. 7 has no Pier inyolving 
Letters, becaufe a Pixicr ans of tee Terms and 1 2 Ble 
ons, "May, de reduced te one Te dy Tuppoſing | one of the L Lets 


* 


Quotient the fioſt Diviſar 2 d. Whence the propa Quo is the 


FEY Ibex | 
Let down ins firſt Column the three Quantities— Tag e . 


. 

# 

* 

1 
ö 
"A 
7 


EA O 


| SPECIOUS ARTTHMETICK. 

It remains now to try all the Diviſors of the firſt Line; I perceive, 
10. That the firſt a“ is to Be rejected, becauſe this Square is not repeated 
in the other Lines. I paſs afterwards to 4 b, and as this Diviſor does not 


contain any Term affected with a a or with 3 3, J conclude that the Di- 


viſor, of which it might be a Part, cannot have, beſides this Term, any 
other But x x, or a x, or 5, whereby the Compariſon of a 6 with the 


 Diviſofs x* + 3 ba, x* + 6* being excluded, it follows that if a b be a 
Patt of a Diviſor of the propoſed Quantity, this Diviſor muſt be x * 


＋ax # #; but at the ſame Time, I perceive that x x + ax + ba 
cannot be a Diviſor of the propoſed Quantity, ſince it would be reduced 
to xx by the Suppoſition of a= o, and that xx is not one of the Diviſors 
of the ſecond Line. Wherefore the Diviſor à 6 is likewiſe'to-be rejected. 
As to the Diviſor 8.5, I find it repeated in the Divifor x* & of the 
ſecond Line, and finding that the ſame Diviſor K 31, has x*.in cotn--- 


of the 
x* 4 
only ones, fince if there were others, t 


: l . . „ 4 26. © tas - © i 44 LV. 2 3 3.4. 1 8 „ 1 3 4 2 5 t- , 5 . f , N | * 
* 8 „ 3 2 5 1710 EP FE "LI * 2 285 * £3 4 X PE Tut : : . 

* ſome Letter in the propoſed Quantity is onl of one Dimenſion, it. 18 Caſe in 
y one of the Diviſors of this Quantity can contain 4 = — 


it, whence. there will be at leaſt one Diviſor that does not contain it, and ound td 


conſequentiy to find this. Diviſor (Art. XI VI.) you may ſeek for the great- der c 
eee e of the karte m, c that Leer d g PLIe 
. remaining, Terms in which it is not found. Thus, in the; wy 


5.4 * 


* — 3ax3 age + 18a? x+ < x3 Le, Senda —Baf, 
the common Diviſor of the Terms cx *—acxx—Bagcx+6a3; and. of 


4 


x4—3ax3—BaaxxÞ 188% x—B8at, viz. xx+2ax—2aa, will divide the 


260 


Another 
example. 


ELEMENTS OF 
„ 
Let it now be propos to find the Diviſors of 2 5 + 3. ** 5 b* ＋1 
—a*x3 ＋ 4431 K ＋ 64 b* x +2 ab — 293 6. involving two 
or three Letters, * of one ar t two Dimenſions, 


1 251 4 
2 ab#— 3333 
2224, b%— a*þ* 
: 246, 5, 26,5 253 — a*b 
aa52, ab, 25,73 8 a* 


ab; 2ab*—20'b, ab*—a*b, 25— ab, b*—ab, 2ba—2a*, ba—a* *,26—24, b—a| b + a 


2b3—2ab*, ab3—a*b*, 24632462) 

| $3+ ab*,2ab* {-24*b, ab Ta, 26* +246,6* N ab, aba. Cas , ba-? 5 25. La-, e, 
253 T＋24 * 1ab3-þ a*b3,2063+20:b*) 1 | 
2ab3I—243b, ab3—a3b, 2b3—2a4*b, b3I—a*b; 2b*a—2a3, bes, 20— 460, huts 
bebe, 5-75, 4367, 20624353) "TN | 


2x5 + 3azt+b*x3—a* $3 +4ab* x* +64" Dx +2004—2 03 þ* 


2434—2 a3 b* 


2x5 +b*x3 
x5+ 3ax4—a*x? 


„ 


. of 
method of . 
' * Art.:XXIV. 
for finding 


- fors of lite- 
ral quan- 
tities. 


all the divi- 


276,25, — a — 24,5 fa, ab- 24 Ld... [ 

bb,2bb,ab, 2ab,bb— aa, 2bb—2aa, ba—aa, Wi oh | 

jhaÞaa, bb—ab, bb+ ab, 1 e e 3222 | 

2ba+2aa, 2bb—2ab, 2bb+2ab = 125 . 

x, xx, 2* , ET 

r ar ge- „ xx ax*+3ax—aa 
x*+al * +2ab2x*+b*+ 3ax—a*® 

65 I” | bet —atſs'—2a4 | hed 


'2 254 — 2 a3 325 2 x5 , and 2 x5 + 3 a x4 — 47 x3 being the 
Quantities to which the propoſed one is 7 by the Suppoſition of 


x,-a, b equal o, oppoſite each of theſe Quantities muſt be ranged all 


"the Diviſors they may admit of, as well of one Dimenſion as of two. 
As the firſt of thoſe three Quantities admits of a great Number, in order 


to omit none of them, I follow the ſame Order as was obſerved i in the 1 in- 


: Application veſtigation of the numerical Diviſors. 
f the 


"Having ſet down this firſt Quantity 2 454 — 2 43 5 3, and gen a Lice 
to the let Hand of it, I write down Unity, as being its firſt Diviſor x 4 Þ 
afterwards ſet down 2 under 1, becauſe it is after 1 the ſimpleſt Diviſor 
that this Quantity will admit of, and I ſet down to the ri ght Hand of the 
ſame Line a 54 — a3 b*, I afterwards divide this 8 by a, and ſet 
down ato the 1 Hand of the vertical Line, WES down at the ſame Time to 


; 4. * ; 2 


SPECIOUS ARITHMETICK. 


the right Hand the Quotient 4 — a* b.. I next multiply a by. 2, and | 


ſet down 2 a to the left Hand of a, as being a new Diviſor of the pro- 


poſed Quantity; I afterwards divide 14 — a* 5* by ö, and ſet down the 


Diviſor 5 to the left Hand, and the Quotient 53 — a* 5 to the right. 
Laſtly, I multiply 5 by 2, by a, by 2 a; and ſet down to the left Hand 


of b, the Products 2 ö, a ß, 2 ab, as being new Diviſors of the propoſed 


Quantity. 


Ĩ he propoſed Quantity being reduced to 5 — 42 3, I divide it again 
by 5, which I ſet down to the left Hand, and the Quotient þ* — 4 to 
the right; I omit multiplying 5 by 2, or by a, or by 2 4, becauſe there 


would reſult the Diviſors already found; but I multiply it by 5 and by 25, 


which produces the new Diviſors of two Dimenſions þ & and 24 5; if 
Diviſors of three Dimenſions were to be admitted, as may be neceſſary 
on other Occaſions, then þ ſhould be likewiſe multiplied by a5 and 2 4a 5. 


After having reduced the Quantity to þ þ — 4 a, I perceive that it is 
diviſible by 5 — a, and the Quotient is 5 + 4. I therefore ſet down one 
to the left and the other to the right Hand, and I multiply & — @ by a, 
by a, by 2 a, by 5, and by 2 5, which give for new Diviſors, 25 — 2 a, 


 ba—aa,bb—abgb*,2b*, 2ba—2aa, 2bb — 2 ab. And if Diviſors of 


three or four Dimenſions were required, I ſhould have alſo multiplied 


6 — a by a'b, 2ab, abb, 2abb. The N remaining 6 + 4 


admitting of no Diviſor, I ſet it down to the left Hand, and I multiply 
it by 2, by a, by b, by 2 5, 2 4, 5 — a, 2b — 2 a, which give for 


new Diviſors of one and two Dimenſions, 2b + 2 4, b 4 ＋ 4 a, 
234 ＋ 2 aa, bb ab, 235 1 2453, bb —aa, 2bb — 2a à. If 


Divxviſors of three, four, five Dimenſions, that is, all the Diviſors that 
the propoſed Quantity can admit of were required, I would have alſo 


multiplied 5 + a by a b, 2 4 b, bb, 2bb, abb, 2abb, ba—aa, 


2 64 — 2 44, bb—ab, 2b b —2ab, abb— aab, 2abb—2a'b, 


63 —ab*, 2b3-— 2ab*, 45 — 4 b*, 2ab3 — 24 b* 


This being done, I ſet down all the Diviſors of one and two Dimen- 


ſions, a, 2a, b, 2b, b—a, 2b — 2 4, b +a, 2b + 2a, ab, 2 ab, 
ab—'aa, 2ba—2aa, b*—ab, 2b*— 2ab, ba + aa,aba+2aa, 


3 +ba, 2bb + 2 a b, beſide the Quantity 2 a 64 — 2 a3 b* which 
produced them. I afterwards ſet down beſide the Quantity 2 & + b* x3 


its Diviſors of one and two Dimenſions x, 2 x x, x x + b6, and beſrde 


the Quantity 2 x5 ＋ 3a * —a* x3 its Diviſors of one and two Di- 


menſions x, x*, 2x* + 3 ax — 42 | 5 
Now, trying all thoſe Diviſors to diſcover thoſe that are to be rejected, 


1 ſoon perceive that all thoſe of one Dimenſion are of this Sort; for K- 
being the only Quantity of one Dimenſion in the ſecond and third Lines, 


I conclude that it muſt be the only Diviſor of one Dimenfion that the 
propoſed Quantity. can admit of; ſince if the Diviſor of one Dimenſion 


| - 
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l. 885 


Let: it now be propoſe to find the Diviſors of 2 "ub ok 3 F ww 3 4 


3 3 
Another 4K + 44 
| example, or three Fm le of one or two Dimenſions, 


\ I 
3 BE 
2a, a 


2b, ab, 26,5 

| | | '2ab*,ab*,2b*,6*% 

b3—gb?, 2b. — 24, ab* —a*b, 2þ1—20b, b*—ab, pon hae? — — 
233 —2aba, ab3—a*b*, 246 3— 246) 


b3-+ ab*,2ab* - 245, ab* fab, ab Cab, h. ab, ab- Ca , baba? 5 26+20, bÞ+a, 
263 ＋246* 1ab3þ a*b3,2063+28:þ*) 


2ab3—24a3b, ab3—a3b, 2b3—2a4*b, b3—a*b; 2b*a—203, bras, 25. abt, bs | 


Us —a* b*, 264—24"b*, abt—g3þ?, 208%—24%*) 


+ 62 b*x Þ2 abt — 2 33 b* involving two 


1 
ab#— 33533 
b*— 2232 
b3— a*b 
bm 4 


b + a 


eb oh af —o 43 +4 ab? ee. „ x +204 —2 03 


| a,2a,b,2b,b—a,z2b—2a,b+a,2b4+2a 5 rs 
2454—2 a3 32 56, 2öb, ab, 2ab,bb— aa, 2bb—2aa, ha aa, »I 
Ei aaa, bb—ab, bb+ab, 2ba—2 coy ab [243 b b—a a 
= 2ba+2aa, 2bb—2ab, 2bb+2ab | | 
2x5 +b* x3 x, æx, a e | * * | XX 2xx+bb | 
x5 Ta- x, x „ ＋E ga 22 | xx | xx EA T3 -H | 


5 1 | : | [et —abx'—2a 


FI EE ET 


2 354 — 2 43 32, 2 x5 +83 x3, and 2 x5 + 342 * — 4 x3 being the 
Quantities to which the propoſed one is e by the Suppoſition of 
*, a, b equal o, oppoſite each of theſe Quantities muſt be ranged all 
the Diviſors they may admit of, as well of one Dimenſion as of two. 
As the firſt of thoſe three Quantities admits of a great Number, in order 
to omit none of them, I follow the ſame Order as was obſerved 1 in the in- 


bs, Apps veſtigation of the numerical Diviſors. 


85 pond | to the le 


Havin ng ſet down this firſt Quantity 2 454 — 2 43 bb, and drawn a Line 
Hand of it, I write down Unity, as being its firſt Diviſor ; I 


ber finding afterwards ſet down 2 under 1, becauſe it is after 1 the ſimpleſt Diviſor 

= gs 7 th that this Quantity will admit of, and I ſet down to the right Hand of the 
mul quan- ſame Line a64 — 1 afterwards divide this Quantity by a, and ſet 

tities, down. ato the * Hand of the — Line, writing down at the ſame Time to 


new Diviſors of 
2ba+2aa, bb ab, 2b b ＋ 246, 55 — 4a, 2bb —2aa. If 


WO, CS. 15 3 


SPECIOUS ARITHMETICK. 
the right Hand the Quotient 14 — 4 b. I next multiply a by 2, and 


ſet down 24 to the left Hand of a, as being a new Diviſor of the pro- 
poſed N I afterwards divide 14 — 4 b* by ö, and ſet down the 
e 


Diviſor 5 to the left Hand, and the Quotient 53 — 4 þ to the right. 
Laſtly, I multiply 5 by 2, by a, by 2 a; and ſet down to the left Hand 
of b, the Products 2 b, a b, 2 ab, as being new Diviſors of the propoſed 


Quantity. ; WE 3 
The propoſed Quantity being reduced to 33 — a* b, I divide it again 


by 6, which I ſet down to the left Hand, and the Quotient 5* — 4 to 
the right; I omit multiplying þ by 2, or by a, or by 2 a, becauſe" there 
would reſult the Diviſors already found; but I multiply it by 5 and by 25, 
- which produces the new Diviſors of two Dimenſions þ b and 2b b; if 


Diviſors of three Dimenſions were to' be admitted, as may be neceſſary 


on other Occaſions, then 5 ſhould be likewiſe multiplied by @ 5 and 2 4 5. 


After having reduced the Quantity to þ þ — a a, I perceive that it is 
diviſtble by 4 — a, and the Quotient is 6 + 4. I therefore ſet down one 
to the left and the other to the right Hand, and I multiply 5 — @ by a, 
by a, by 2 a, by 5, and by 2 5, which give for new Diviſors, 25 — 2 a, 


53 — 3 4, 5 23, 5, 2, 2ba—2aa, 2bb— 2 ab. And if Diviſors of 


three or four Dimenſions were required, I ſhould have alſo multiplied 


5 — aby ab, 2ab, abb, 2abb. The yg” remaining b + a 


admitting of no Diviſor, I ſet it down to the left Hand, and I multiply 
it by 2, by a, by b, by 2b, 2 a, b — a, 2b — 2 a, which give for 
one and two Dimenſions, 2b ＋ 2a, b a ＋ 4 a, 


Diviſors of three; four, five Dimenſions, that is, all the Diviſors that 
the propoſed Quantity can admit of were required, I would have alſo 


2 54 — 2 4 4, bb—ab, 253 — 22 3, abb— aab, 2abb—2a*b, 


33 —ab*, 2b3 — 24357, 433 - a* b*, 2453 — 2 a* b*, | 
This being done, I ſet down all the Diviſors of one and two Dimen- 


fions, a, 2 a, b, 2b, b—a, 2b — 2 a, 5 ＋ a, 2b + 2a, ab, 2 ab, 
ab—'aa, 2ba—2aa, b*—ab, 2b*— 2ab, ba+aa,zaba+z2zaa, 
b*+ba, 2bb + 2 a 3, beſide the Quantity 2 a 54 — 2 43 U which 
produced them. I afterwards ſet down beſide the Quantity 2 & + b* x3 
its Diviſors of one and two Dimenſions x, 2 x x, x x + 66, and beſide 
the Quantity 2 x5 + 3a x4 —a* x3 its Diviſors of one and two Di- 
menſions x, x*, 2x* + 3a «ͤ - 42 | e * 

Nov, trying all thoſe Diviſors to diſcover thoſe that are to be rejected, 
J ſoon perceive that all thoſe of one Dimenſion are of this Sort; for x 


being the only Quantity of one Dimenſion in the ſecond and third Lines, 


I conclude that it muſt be the only Diviſor of one Dimenfion that the 
propoſed Quantity can admit of; ſince if the Diviſor of one Dimenſion 


| 
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included either a Term affetted with a, or one affe@ted'with.b; the Tem 


affected with a, would remain in the Diviſors given by. the: Suppoſition of 
5 D o, and the one affected with b would: remain in the Diviſurs given 
. by the Suppoſition of 4 = 04, but x is not a Diviſor of the propoſed 
Quantity, conſequently it has no Diviſor of one Dimenſion. 
I paſs next to the Diviſors of two. Dimenſions, beginning: by x* which 
I take in the third Line; finding it alſo in the ſecond Line, I-conclude 
that if it makes a Part. of. a Diviſor, it can only want a Term affected with 
the Rectangle ab; in effect if there were Terms. in this Di viſor affeQet 
with aa, with 65, with ax, or with ô x, theſe affected witlr Cb or with bx 
would not have diſappeared by the Suppoſition of a == o.; and thofe 
affected with @ a, or with ax, would not have vaniſned by the Su 
ſition: of l O. But I find in the firſt Line ab, 225; wherefore 
xXx FR ab, xx + 2:4b, xx - 4b, «- 22, are the Diviſors to be 
tried.” | | N 700 7 
I afterwardspaſs to the Diviſor 2x + 3ax — aa; and I find the Term 
2:x* repeated in the Diviſor 2-x'x + 6-6 above it, as likewiſe the Term 
aa repeated in: ſeveral Diviſors that are in the upper Lines; but of 
all: the Diviſors in which it is re there is only 5.— az, which has 


the Term bb common with the Diviſor 2xx + 65. Whence it is only 


with 2xx + i, and l — a, that 2x* +: 3ax — aa can concur to form 
2 Dixiſor that will have the Conditions required, and this Diviſor which 

is 2x* + 3ar—aa +84 is conſequently. to be tried. bh 
I perceive thatit is uſeleſs to ſeek for anotlier Diviſor, becauſe if there 
could be found one that. could not be diſcovered by trying the Diviſors of 
the third Line, it would conſiſt of one Term affected with 263: Now it is 
eaſy to perceive that the propoſed . Quantity admits of no Diviſor of thiis 


_ Kind. I therefore attempt the Diviſion by 2x + 3ax — 42 + 3b, which 


ſucceds, and gives for Quotient x3 + 2446, whereby it appears that none 


of. the Quantities x x + ab, x x— ed, x x + 2ab, * 2a can divide 


the propoſed one. 3a 
LYV1I. | 


I& the propoſed. Quantity is of more than five-Dimenſions, and havin 
found that it has no Diviſor of one or of two Dimenſions, then 2 


to enquire by:a-fimilar Proceſs if. it has not ſome Diviſor of three or four 


Dimenſions. 
| LVIII. 


How the When the e ee e is not homogeneous, that is, when all its 
the ſame Dimenſions, it is to be rendered homogeneous 


divifors of Terms are not 
that are not by means of à new. Letter, and the Diviſors of this new Quantity being 


homogene · found iby the preceding Rules, the new Letter: introduced is to be exter- 


dus are | JETS, FG Ie OM. | N | 
"16634 minated by putting-it-equal. to Unit and by this Means the Diviſors re- 
22 quired af 8 


antity will be obtained. Suppoſe, ſor Example, 


a To. 


1 


S$PECIOUS ARTITHMETICKEK — off 


che Quantity to bez® +535 — $4* J. y* 4 by — 5; Irauttiply the Term 
 by*by's, to make it of ix 1 For the fame: Ak Imuſti- 


| j Fadtors, wry there - p< Flac N addy 4+ for the two 
| PaBoreof the prope Quantity © wag —by r it 1 777 


To find the ineommenfurable Rugs of Equations of oP Degtee, Mitbod af | 
19. Subſlitute ſucceſſively in the propoſed Equation 1, 2, 3, 4,&c..in place rug N 
of the unknown Quantity, until the Quantity that reſults aſter rr Sub- roats of 
ſtitution changes its Sign, then the Root y will be a poſitive Number numeral 
greater than that which immediately precedes the Change of the Sign of | nt toe l 

the Reſult, and 5 that where this Change hap 3 
; Rh, of —__ utting the firſt Member ef the 1 equal o, put known 

. the limiting Ratio of the cotemporary Increments of "97: 
| ; grey Ag and * it be expreſſed by A. Subſtitute the Value of y, eſtimated 
etty_near the 'Truth by the foregoing Method, in the Equation, as alſo 
in the Value of A, and let the Error or e Number in the former, 
be r this numerical Value of A, and the Quotient be ſubtracted 

from the ſaid former Value of y, and from thence will ariſe a new Value 
of that Quantity much nearer to the truth than the former, wherewith 
| proceeding as before, another new value ma Seel had, and ſo another, &c. 

| eee 5 TY, 


Let it be propofed to finda Vaueof yin che Equnin 3 213. — 3⁰⁰ 
neee = O. 0 


ra 1+ 2 — eat $'—116 = ME} x 
16 + 16— 144 +10— 116 2 —21$ 
81 + * — 324 ＋ 15 — 116 2 — 290 
256 + 128 — 576 ＋ 20 — 116 = — 288 

625 ＋ 250— 900 ＋ 25 — 116 — 116 | _ 
129 + 4331296 + 30 —116= +345. e = 


2 nce I conclude that one of the Values of y will be greater than 5, 

but leſs than 6. Let it be ſuppoſed to be 5, 5, to find a more —— 
Value of it, 1 inveſtigate the limiting Ratio. of the ments 

dy and dz of and æ in the Equation y* ＋ 253 — 365 + $y 116 =z, | 
which- I to, be 453 + 657 — 725 +- 55 then becauſe 


y— e ESE NT F< 12 = y. I ſubſtitute in the firſt Mem- 
ber of this * in Place & Y, its Value 5,5 already found, whence 


we have 3.5— * = 5,340 for a new Value of ” with which x ro- 


ceeding as before the next V alue of y will be found to be 57·3354, and 
from thence the third Value of y = 3, 33 5438, which is true to the laſt 

let (i 5 T2 +v/ (1 = 333) 2 0, be propoſed. 
Application one of the Values of y in this Equation will be nearly 0,5. To find a more 


LXI.' 


% 


of the fore- 
going me- g | 55 | | > 
thod to an- cotemporary Increments dy and dz of y and 2 in the Equation _ 


FO eee e hi 
whe = G5) © JO=an) eee, whence we have 
o, 5 + 2:204 = 0,557 for the next Value of y, from whence by proceed- 


4523 13.5945 FFC 
ing as before, the next following will be found 0.5516, & c. 


1 i V 8 : 
| When there are two Equations given, and as many Quantities (x andy) 
| to be determined, find the Equation expreſſing the l of the 

eng cotemporary Increments dx and dy of x and y in both Equations, and in 
there are Porar) a , 3 : | 
two equa- the former collect all the Terms, affected with dx, under their proper Signs, 
tions given, and having divided by dx put the Quotient = A, and let the remaining 
| _—y Terms, divided by dy be repreſented by B: in like Manner, having divided. 
Quantities the Terms in the latter affected with dx, by d.x, let the Quotient be put. 
x and y — a, and the Reſt divided by dy, = b. Aſſume the Values of x and 5 
how © Pretty near the Truth, and ſubſtitute in both the Equations, marking the 
thoſe Nis in each, and let theſe Errors, whether poſitive or negative, be ſigni- 
Quantities. fied by A and r reſpactively, ſubſtitute likewiſe in the Values of A, B, a, b, 
and let 2 and 435 be converted into Numbers, and reſpecti vely 
added to the former Values of x andy, and thereby new Values of thoſe 
Quantities will be obtained; from whence, by repeating the Operation, the 

true Values may be approximated ad Libitum. 5 

„ a EH i. 5 3 
| Let there be given the Equations y + 4/ (yy — xx) — ro S o, and 
Applica- X + / (393 + x)—1I2=0; to find x and y. 5 Es - Ho ns 
tion of the The Equations expreſſing the Relation of the cotemporary Increments 
foregoing | | 7 „ 


| 20 . to d x, and C 8 A 4 1 55 being 46k 3 7 * o, and 
ample. ydy + 34x __ IE e 1 MMR 5 
eee, T ee ee, 


Y 


„CCC 
en og FN ö e , 


4+ . * NWS rh 


approximate Value of it, I inveſtigate the limiting Ratio of the : 


SPECIOU S ARITHMETICK.. - 7 Wy 


Let x» be ſuppoſed equal 5, andy=6; then will R equal — ,68, 
y=—.6, A equal — 1.5, B equal 2. 8, equal 1. 1, b equal g; thers- 
Br—bR aR—Ar 


fore 5 — r = +23» and FIFTH =.37, and the new Values 


of x and y equal to 5.23, and 6.37 reſpeQively ; z the next Values will 
| come. out 53 23263 and 6, 36898. : Lich | 


| kxiv. | 
Let 6 * N70 25 X(1— Ak ) =, and Br X Api 
going me- 
| (1— : oe hey 49 (645 = e o. Here we have der 5 ace aus- 
Aequal 49 * Jon 2, ham _ox  cae*. 
e EH. MET (EAST Lk 
162 x 143 162 K 


e, e LET EFT. and b = raj THY 


_— 

+49* [= * os: | 

1 = « wa and y =. 6, then mill fs Cond Ha 12 25 66, 1 8310 
42 68, B = 20, 7, 0 5 = 146, and the next Values of © © © 
* and y equal to ,799, and ,582, with which repeating the nn „„ 
the next following will come out 279912 and 2581 38; | Sy 

"UNE 9772 

When an Equation contains two unknown Quantities; x and I and 
it is propoſed to expreſs the Root y in a Series of Terms including the _- 
Quantity x with the other known Quantities; to find the Value of y. 
in ſuch a converging Series, it is neceſſary to conſider x either 19. as very ranges 
ſmall, or 20 as very great, or 30. as differing very little from ſome given 7 prigciple,”0 = - 
Quantity; that ſo by ſuppoſing x to be very ſmall the Series may con- VS 
verge wherein the Root y is expreſſed by a Progreſſion of Terms, in tie. 
which the Dimenſions of x increaſe in the Numerators, 29 by ſuppoſing 
x to be very great that Series may converge, in which the Dimenſions ß | 
- x continually increaſe in the Denominators of the Terms, or that 3% by. | 1 
ſuppoſing x to differ but very little from ſome given Quantity, ſome e 
Letter as z being ſubſtituted for that Difference, it ha come; in the 


Place of x conſidered 1 DF | 28 *. 15 

| 27 SE CK.."; | 1 
Thus if the Equation to be reſolved was x 925 4 5 ee 1 20 43 

if & be conſidered as very little, the Value of 5 may 'exhibited*; 


in a Series having its Terms compoſed of the 1 0 of . x di- 
vided by thoſe of a with their reſpective Coeficients. .. Since 


= © T0 | 
when x is very little in reſpeQ UL a, the Terms *, =, : 5 115 1 | 


7 ELEMENTS OF © 


2, * 
| E22 
a? — a* 


| ſecond Term will vaniſh in reſpeQ of. the firſt, fince = —; * : a, and 


ec. decreaſe very quickly. 11 x vaniſhes in reſp of ay the 


aſter the ſame Manner =; vaniſhes in n reſpeRt of the erm immmedi- 


ately preceding it. 
But if x be conſidered as very . the Value of y may be exhibited 


in 2 Series whoſe Terms are compoſed of the Powers of à divided by 


thoſe of » with their reſpective Coeficients, ſince when x is an great 


in m_— of az then 1 is very great in reſpect of =, and — — in reſpect 


a® WES. as 


«th * ; ſo that the Terni a, an &c. in this e 


Bhi ſwiftly ; in either Caſe, the e converge ſwiftly that conſiſt of 


ſuc Terms; and a few of the firſt Terms will give a near Value of the 


| Root required. 


Whence it appears that the Roots of Equations involving two unknown. 


2 Quantities may be exhibited by two Sorts of Series, whereof one con- 


eſceading verges ſo much ſooner as the unknown Quantity it contains is leſs, and the 
das deſcead- other converges ſo much'ſooner as the unknown Quantity is greater. In 
s oben the Terms of the former; which are called aſcending Series, the Expo- 


nents of the unknown. Quantity continually increaſe, but D de- 


e in the Terms of the latter. 
Ty LXVII. 


An Equati- 
oma ot its tities, as of y in the Equation's % +ay'*—a* x =0, the Analyſts aſ- 


N ſume together ſuch Terms of the Equation as will be found to be- 


wheno one of 


its uoknown come vaſtly greater than the other Terms, that is, which give a Value 
quantities of y which ſubſtituted for it in all the Terms of the Equation, ſhall raiſe the 


— Dimenſions of the other Terms all above or all below the Dimenſions of 
e in- the aſſumed Terms, according as. * 1s WR to be e hittle or axon 
— 7 great! in reſpect . 

LXVIII. 


| | To determine the Terms any: propoſed uation that the Supphlition | 
| _— of x or of y being indefinitely great or indefinitely little, will render 
*t vaſtly greater than the other Terms: I obſerve firſt, that one Term of 


greateſt 


| termeofan the Equation cannot be ſa vaſtly greater than all the reſt, ſor all 
aniſh in reſpeC of it, and this Term then alone 


Sod would be qual to nothing, which is abſurd. The greateſt Terms there- 
fore of an Equation are at feaſt two in Number, but there is no Reaſon 


equation by the other Terins would va 


To determine the firſt Term of the Series; exhibiting the” Value of 
-onloſes an unknown Quantity," in an Equation that involves 'two unknown Quan- 


on Rey . ö RY r 
nnr W 9 R R 
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why any two Terms may not be ſuppoſed the greateſt of the Equation, 
unleſs the Conſequences 2 ray this Suppoſition deſtroy the Suppo- 
ii] oh ni hee MUM} "Re Pe 4 OR OTTER COnnge® 

Thus in the propoſed Equation & y + ay* —a* x =O, x being con- 
ſidered as indifinitely great, if x* y and a y* be ſuppoſed to be the great- 
eſt Terms of the Equation, then »*y + ay* o, or x* y 


 dividingby—ay, y=— © which ſubſtituted, for x, the Equation be- 


comes — + — — 4 x.= o. where the aſſumed Terms x* yay 7 are 
of more Dimenſions than the other a* x, and conſequently may be ſup- 


poſed to be the greateſt Terms of the Equation. ' 


* 
* 


If x* and — a* & be ſuppoſed ta be the greateſt Terms of the Equa- 


tion, then x* y —a* x =0, which by tranſpoſing and dividing by & gives 
| | | 5 | 

= — » which ſubſtituted for 5, then a* x + 2 — 22 K o, 

where the aſſumed Terms x? 5, — a*x are of more Dimenſions 


than ay*, and confequently may be ſuppoſed to be the greateſt Terms 


of the Equation. 


Finally, if 25“ and —2* x be ſuppoſed to be the greateſt Terms of 
„„ 


the Equation, then a 5 — a* x=0, wherefore y =a x 


| which ſubſtituted for y, the Equation. becomes a * x ® * ® | 
where the aſſumed Terms are of leſs Dimenſions than the other x* y, 
and conſequently cannot be ſuppoſed to be the greateſt Terms of the 
Equation. 1 3 | mpg | 


& being ſuppoſed indifiuiiely little, if” 25 ah 6* x, be ſuppoſed to 


be the greateſt Terms of the Equation, then ay? -o, which gives 
yar: x15? which. ſubſtituted - for y, the -Equation' becomes 
ar 5: La? x—a*x=0, where the aſſumed Terms ay*—a*x are of leſs 
Dimenſions than x* y, and conſequently may be ſuppoſed to be the 
greateſt 'Terms of the Equation, PPT 


If rien! be ſuppoſed to be greatelt; Term. of the e, 


then &*y-+ay*=0, which gives y= — hog _ which ſubſtituted for , the 


— 


£ p 1 3 ts *. 2 


Equstion becomes 7 —8*x#=0, where the aſſumed Terms æ y, ay® 


13 


are of more Dimenſions than — a*x, and. conſequently cannot he-ſyp- 


poſed to be the greateſt Terms of th Equation. by 16.01 005 ork 3s DEtuS 
If xiy and —a*x be ſuppoſed to te the greateſt, Terms of the Equar 


G 
- 


— [Oe . a | oy TIT 77 Op 
tion, then 92 which ſubſtituted for , the Equation becomes 


=—az"*, and 


I - 


+ a* x —a*x 


, 
TEK 
7 * 
kh 
267 
* 


lication 
is me- 
thod to an 
example, 


4 7 
» / 
. 


Na: 


” 
* 
— 2 


ELEMENTS OF 


1 + - xD) where the aſſumed Terms K and — 4 are of 


more Dimenſions than ay*, conſequently cannot be ſuppos'd to be the great- 
eſt Terms of the Equation; whence it appears that when x is ſuppoſed in- 


: oy a reat, the propoſed Equation x*y+ay* —a*x=o, is reduced to 
0 


the two following ones x*y+ay*=0, or x*+ay=o, and x*y—a*x=06, or 


* 


12 4 — a o; and when æ is ſuppoſed indifinitely little, it is reduced to 


2 - ,, or y*—ax=0. n 


What was eaſy in an Equation conſiſting only of three Terms, would 
be very laborious if a more complex Equation was propoſed, the Num- 
ber of Terms occaſioning a vaſt Number of Trials for the moſt Part 


unſucceſsful, How the Analyſts have remedied this Inconveniency, we 
ſhall therefore proceed to explain. 21% OTE 


$7 


— 
1 


122 


| 
| 


Let B A and 40 be drawn at Right Angles to each other, and let 


them be divided into equal Parts, and from the Points of Diviſion let 


Lines be drawn meeting each other at Right Angles, which will form ſo 
many equal Squares as in the Figure; in theſe Squares place the Powers 
of x from A towards C, and the Powers of y from A towards B, and in 


any other Square place that Power of y that is direQly below it in the 


Line A B, ſo that the Index of y in any Square may expreſs its Diſtance 
from the Line A C, and the Index of * in any Square may expreſs its 
Diſtance from the Line FB, . 


—— As... 


* . 
x * = 
0 — * 
» 4 2 
<> g 1 
0 
— 
1 2 7 * 
” 


the Side 4 B, when & is ſuppoſed indefinitely great, or indefinitely little, 
little) of all the Terms in the ſame vertical Column, that only can be 
' conſidered as one of the greateſt Terms of the Equation, which is placed 


ſuppoſed indefinitely little; for y having the ſame Exponent in all the 


Tubus if the two Terms * and +* y* be ſuppoſed equal, we find ame 


above the Line, it will be transformed into x 5 * *, whoſe exponent exceeds _. 
2, and if it be ſubſtituted in the Term x? below the Line, this Term 


| The foregoing Property of the Analytick Triangte is founded upon this 


Principle, that the Squares whoſe Centers are in a ſtraight Line contain 


| lumn AC, or horoſontal Line A B, and their Parallels, in the Terms of 
the ſame Column the Exponents of y are the ſame, and thoſe of x form 


* n 0 N * — N * 6 
4 „ 1 Ne „ * 9 rn N , 
wy 4 a 2 5 2 , IT nt 7 * * 
1 e 3 Ons, "TOE "3 o Sa . „ 
9 wy - * 2 VE r 2 , 
* 4 N * > " * * L 7 * 
f : , > 


: Fg 3: 38: 
4 3 * Ws 
* * . 
* 


* * 


— 


Of this Figure or Triangle we are to obſerve, that being placed apon = 
(and on the Side A C when y is ſuppoſed indefinitely great or indefinitely 


in the higheſt Square of this Column, when x is ſuppoſed indefinitely great, 3 
or that which is placed in the loweſt Square of this Column, when & is — x 


Terms in the ſame Column, their Subordination entirely depends on 
the Exponent of x; wherefore x being ſuppoſed ind finitely great, the 
greateſt Term in the Column is that in which x has the greateſt Ex po- 
nent, which is placed in the higheſt Square of this Column, and x be- 
ing ſuppoſed indefinitely little, the greateſt Term in the Column is that 
in which æ has the leaſt Exponent, or which is placed in. the loweſt 
Square of this Column. Wt the, Sar ig 8 
| Ts : LXX. „„ 
The foregoing Obſervation, as is eaſy to perceive, ſerves to diminiſh 


| the Number of Compariſons requiſite to be made, for diſcovering the 


greateſt Terms of an Equation, but in order to avoid every uſeleſs Com- 
pariſon, we are further to obſerve, that if every where for y, be ſubſti- 
tuted the Value expreſſed in the Powers of x,. that ariſes for it, by ſup-- 
poſing any two Terms of the Equatien equal, the Dimenſions of in. all 
the Terms that are found in the ſame ſtraight Line will be equal, 


"— * 


but the Dimenſions of x in the Terms above that . will be greater 4 
th 


than in thoſe in that Line, and the Dimenſions of x in the Terms below nents of the 
terms whick 


the ſaid Line will be leſs than its Dimenſions in that Line. Fo” 7 
are in the 


A = n #76 12 =* f and ſubſtituting this Value for y in all 2323 


| the Squares, the Dimenſions of x in the Terms, x* y4,x% 56, Ks 5, &c. — pro- 


which are found in the ſame ſtraight Line with x* and x* y?, will be 2, 
but the Dimenſions of x in all the Terms above that Line will be more than 
2, and in all the Terms below that Line will be leſs than 2. For Exam- 
ple, ſubſtituting the foregoing Value of y in the Term x* , which is 


will be transformed into x * * * whoſe Exponent is. leſs than 2. 
Kd r | 


Terms in which the Exponents of x and y are in Arithmetical Progreſ- 755 
fion: which is manifeſt with reſpe& to the Terms in the vertical Co- 


. |» progreſſions 


the Arithmetical Progreſſion 1, 2, 3, 4, &c. in the Terms upon the 
ſame Line, the Exponents of x are the ſame, and thoſe of y form the 

Arithmetical Progreſſion 1, 2, 3, 4, &c. As to the Terms taken in 

any oblique ſtraight Line, let us ſuppoſe that this ſtraight Line parting 
from the Center of a Square, traverſes 4 Lines and I Columns before rt 
Demonftre- paſſes through the Center of another Square, it is manifeſt, that ſince 
| l the Squares are ranged uniformly, it muſt traverſe æ Lines and / Co- 
property of lumns before it paſſes thro? the Center of a third Square, and as many more 
the aoalytic before it can attain the fourth, and ſo on. Wherefore, ſince the Expo- 
DD nent of x is increaſed by Unity in aſcending a Line, and the Exponent of 
V is increaſed by Unity in traverſing a Column, from right to left, if the 


| | m un | 55 
Term placed in the firſt Square bex y, that placed in the ſecond will 


m ＋ 4 ml! m 24 2427 


ten „ „ that in the third «ͤ „ and ſo on, in which 


the Exponents of + form an Arithmetical Progreſſion, n, m, mal, & c. 
and thoſe of y the Progreſſion n, = ＋ , n +2 /, &c. 
Lx XII, | | 
| „ „ mk n+ m42k neal 
- Converſely, Terms as x y , x yy » Xx y | 
which the Exponents both of + and of y are in Arithmetical Progreſſion 
whoſe Differences are & and , thoſe Terms are placed in Squares whoſe 
Centers are under a Ruler traverſing at the ſame Time-4 Lines and / 
Columns, which determines the Inclination of this Ruler to. the Sides of 
| the Triangle. De TOM TE) To 
EE For the Inclination of the Ruler to the Sides of the Triangle, and 
The ratio of the Ratio of & to / depend entirely of each other, ſince & and I are the 
_—_ — Number of Lines and the Number of Columns which the Ruler at the 
thdſeprogreſ ſame Time traverſes, If & ſurpaſſes I, the Ruler is more inclined to the 


ſions depend Columns than to the Lines, and cuts off a greater Portion of the Side 


onthe incli- 4 Cof the Triangle, than of the Side AB. In general, ſince the Ruler 


nation of 


the ruler to traverſes & Lines in traverſing / Columns, it will traverſe, from Column to 


the ſides of 


che triangle. Column a Number of Lines expreſſed by +» whether . denotes an Inte- 


ger or a FraQtion, if the Ruler traverſes two Columns in traverſing 
one Line, it will traverſe but Half a Line in traverſing one Column. 
„ | | DEST + . 
The terms Therefore if on the Surface of the Analitic Triangle there be drawn 
which arcin two parallel ſtraight Lines, and conſequently inclined as much one as the 
two parallel dther to the Lines and Columns, the Squares whoſe Centers thoſe 


ſtraight - g 1 # . | i | 
lines have ſtraight Lines traverſe,” contain Terms in which the Exponents of & and 


exponents y are in Arithmetical Progreſſion, which in both one and the other 
ſtraight Line have the fame Difference. Thoſe under the firſt ſtraight 


which form 


ithmetical | ; mags 
arithmet'ca won mfti nfl mak nnd 


7 &c. in | 


Line beings: for Example, FJ . 28 n c. tkoſe ö 


4 
4 
C 


9 p4h ot 2721 eat, © havies 6 
under the ſecond may be expreſſed by « J's 2 "” 4 275 e haviag the 


m =» mt mon differ · 


Converſely, if two Series of Terms be aſſumed as x 4a. 
—O nT al 1 1 pk g+! phat g+4 - 
| „&c. and x y, „ y „ x y „ &c. in each 

of which the Exponents of x and y are in Arithmetical Progreſſion, hav- 

ing the ſame common Difference, the ſtraight Lines which paſs through 

the Centers of the Cells of thoſe two Series of Terms will be parallel. 
LXXIV, 

Such being the Diſpoſition of the Terms in the analytick Triangle, if, All che 
any two Terms be ſuppoſed equal, and a Ruler be applied to the Centers of terms chat 
the Cells of thoſe two Terms. I ſay, that if in all the Terms placed in ue lu the 
the Cells through whoſe Centers the Ruler paſſes, be ſuſtituted for 5, lingen 
the Value that ariſes for it from the foregoing Suppoſition, the Di- the ſame or- 
menſions of x-Inithoſe Terms will he all equal. 3 two of 

For as their Exponents are in Arithmetical Progreſſion, they may de re- et 

m n . m4+k wh! mak 2421 / 23 of the ſame 
preſented by the Series x y you „ 3 a0 1 2 


kh 2140 k nts! 
m+qt 14 ge „e c. Now let any two of them as 


SIO Way 
ti =- _ Bas bernie ed 
. and x be aue equal, then TI 

: - EX: | 

255 ts et 4 „ 
n or I =x 7 5 » conſequently - 9. Ip &: Ny =15 c. 
K* 3 | | | 


FOR the 88 of x, in all the Terms under the Ruler 


m = mk 211 41421 n+z!l 
#3 3 a0 23 „& c. reſulting from the Multiplication 
PR k. tl. .a4'at .:.q4 'g* 
of x 5 into 1, 4 % K Jy » X 9 „ &c.ism—nk: I, and the Di- 
. * 


| menſions of x in the Terms * Fo HH &c. which are all 
found in the ſame ſtraight Line parallel to the Ruler will be 5 1 * . 
Lxxv. 


ws he Dirnenſion of & in all the Terms that are under the Ruler may / Ratio ofthe 
be alſo found by examining where the Ruler cuts the firſt Column. If 3 
it paſſes through the Center of ſome Cell of this Column, it is manifeſt, e quan 
that the Exponent of » in the Term placed in this Cell will repreſent « tities in this 


the Dimenſions of * in all the Terms under the nee and if the Ru- ſvepofition. 


SPECIOUS ARITHMETICK. LORE 


W ELEMENTS or 
be oaſſes between the Centers of two Cells, the Point through which 


12 will ſtill ſerve to determine the Dimenſions of x in thoſe 


Terms, whoſe Exponent in this Caſe is a Fraction. We are to conceive 

this Column, and in general each Column, as a ſtraight Line divided into 

equal Parts by the Centers of the Cells; the Terms x, &, x*, &c. 

whoſe Exponents are 12 17777 in the Points of Diviſion, and the 
1:2 171 3 4 

Tens, * „ x " „ &c. whoſe Exponents are Frac- 

tions or mixed Numbers, placed in the Points which divides the Inter- 


vals between the Centers in the ſame Ratio, as Unity is divided by the 


Kxponent of Fraction, which forms or concurs to form the Exponent of x. ence 
the order o 2 

the Terms we are to conceive x een precicely in the Middle benweben ** 
ag: in 141 | 

40 — or I and x*, and & placed! in the firſt Point of the Subdiviſion 


of the Interval between x and x* into three equal Parts, eee . 


3 if the Ruler paſſes, fot n between the Centers of «“ and of 


* 5 but three Ti imes 2 8 the firſt than the laſt, that is, through the 


2+3 


Point where K- "I conceived to be laced; we are to conclude 


that the Dimenſt ons of x in all the Terms under the Ruler is 2a 4. 
The Exponent of the Dimenſions of x in the Terms under the Ruler is 


| negative when it cuts the firſt Column produced below the firſt Line, which 


happens when Cn: l, or p <qk:1, that is, when ＋ 7. 2 or — 


The terms 


chat are a- then the Exponent m—nk:lorp—gk:lis att. In this Ga | 


dove this the firſt Column is to be conceived as a ſtraight Line produced below the 


page > -o_ Point, and divided into Parts equal to thoſe that are above the Point, 


pepior or- — — —3 


Jer : thoſe and the Terms whoſe Exponents are negative, „n be. 


that are be- placed i in the Points of Diviſion. 


low it of an zISvs. © 8 * 
ferior or- : 
N Since l of two parallel ſtraight Lines drawn 0 on the Surface of 


the analytick Triangle, that which is above the other cuts the firſt PR 


lumn in a higher Point, the Terms in this Line are all of higher Di- 
menſions of x than thoſe in the Line below it. Thus the Ruler paſſing 
„ = mk m7 m＋ 24 427 
through the Terms x 1 „ | » &c, which are 
all of -: I Dimenſions of x. Any other Term is of higher or 
lower Dimenſions of x, according as it is 4 in a Cell whoſe Center 
is above or below tbe Ruler. 
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PI | his is the Principle which determines the Ce to be made 
for finding the greateſt Terms of an Equation, When x is ſuppoſed 


ek eat. owt toy 


A. 0 


ſuppoſed to be the greateſt, which is abſurd. 


ſame Operation may furniſh ſeveral of them. 


my my c» Ws vo ' „ . 8 
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indefinitely great, it is manifeſt that it is uſeleſs to conſider two Terms as 
being the greateſt of the Equation, if the Ruler, applied to the Cen- 
ters of their Cells, leaves above them any other Term, for this Term 
being of more Dimenſions of æ than thoſe through which the Ruler 
. paſſes, it would therefore be indefinitely greater than thoſe which were 


When x is ſuppoſed indefinitely little, it is uſeleſs to ſuppoſe any two 
Terms to be the greateſt of the Equation, if the Ruler, applied to the 
Centers of their Cells leaves below them any Term of the Equation, 


* for this Term being of lower Dimenſions of » than thoſe through which 


the Ruler paſſes, it would be indefinitely greater than thoſe which were 
ſuppoſed to be the greateſt, which is abſurd. 
1 e EEE 
Whence is deduced the following Rule, for diſcovering what Terms 
ought to be aſſumed from an Equation, in order to give a Value for x, 
or y, which. ſhall make the other Terms, all of higher, or all of lower 
Dimenſions of æ or of y, than the aſſumed Terms. 


After having traced the analytic Triangle, range each Term of the pule 
Equation in its proper Cell, or what in Practice is more commodious, ed from 


der 


form « Triangle with Points diſpoſed in Quincunx, then change into an foregoing. 


Aſteriſk each Point that repreſents a Square, which contains the ſame eg. 


Dimenſions of x andy, as the Terms in the Equation. Or a Triangle iog the great 
may be conſtructed of Wood or of Ivory, pierced with ſmall Holes and eſt term of 
ranged at equal Diſtances, and parallel to the Sides of the Triangle, 4718. 


and the Holes which repreſent the Cells in which the Terms of the 
Equation are placed, may be ſtopped with Pegs. 


Then the Triangle being couched on the Line without , if x be 


' ſuppoſed indefinitely great or indefinitely ſmall, or on the Line without 


y, if y be ſuppoſed indefinitely great or indefinitely ſmall, aſſume when 
the variable Quantity is ſuppoſed indefinitely great, ſuch Terms as lie 
in a ſtraight Line, ſo that the other Terms fall all below the ſtraight 
Line. This ſtraight Line which' thus determines the greateſt 'Terms of 
the Equation, is called by the Analyſts, a Superior Determinator. The 


* 
A 


But if æ or y be ſuppoſed indefinitely little, aſſume ſuch Terms as lie 


in a ſtraight Line, ſo that the other Terms lie all above the ſtraight 


Line, this ſtraight Line or thoſe ſtraight Lines, ſor there may be ſeve- 
ral of them, are called by the Analiſts, Inferior Determinators, becauſe 
they determine the greateſt Terms of the Equation, being thoſe which 


h are placed in the Cells through age ez they paſs. A 


4 
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Rane VVV 
Let the Equation propoſed be x* y + ay*— 4 x o, having deſerib- 
ed the Triangle with Points, and converted into Aſteriſks the Points 
which repreſent the Cells x* y, y* and x, it will appear 


_— 


\ 


% 


1 


* 


Application 
of the fore- 
going rule 


that there are only three Determinators, A B, B C, CA, of which, when 
the Triangle is couched on the Line without x, two AB, AC, are 
fuperior, and one inferior B C; but when the Triangle is couched on 
the IL. ine without y, the Determinator A B is a ſuperior one, and A C and 
B Care inferior ones. 5 | : 0 
The Determinator A B gives the Equation x*y + a y*= o, or 
„* + @ y =0, the Determinator A C gives x - a*x o, or x -A O- 


and the Determinator BC gives ay*— a*x=0, of yy—ax=0. + 


_ fa; 


. 8 8 


J; 
Oy 


Os. © 


included in the Pentagon ABCD E, 
there are therefore five Determinators, 


* 2 8 3 
* 2 _ F 1 7 
* © * > F + Pi ade. LI IETS _ 
> 2 * 7 9 7 
* 0 ; * 5 ba 
- 
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Whence 7 being ſuppoſed indefinitely | great, the 'propoſed Equation 
is reduced to thoſe two x x + ay=0, and xy—aa=0o, given by the 
Determinators'A B, AC, which are ſuperior ones, when the Triangle 


is couched on the Line without x, | 


But if & is ſuppoſed indefinitely little, the Equation is reduced to 
yy —ax=0, given by the Determinator B C, which is an inferior one, 
in the ſame Poſition of the Triangle. bo . 
If yy be ſuppoſed indefinitely. great, the Equation is reduced to 
xx ＋ay = o, given by the Determinator A B, which is @ ſuperior one, 
when the Triangle is couched on the Line without 7. | 

But if y be ſuppoſed indefinitely little, the Equation will be reduced 
toxy—aa =0, and y y—ax=0O, given by the Determinators 4 C, 
BC, which are inferior ones in this ſame Poſition of the Triangle, 

Let xx393Faxy* +bx* y+ox? | d dy Tee ff = o, 

be propoſed. WE: 1 „„ | 


* 


After having formed the Triangle 
with Points, and converted into Aſte- 
riſks the Points which | correſpond to 0 
the Terms of the Equation, it will F 
appear that all the Aſteriſks may be 


Application 
of the fore- 
going rule 
to another 
example. 


which give the five following Equa- 
tions. 8 1 . 


AB gives f? y + ax y* os, or, dividing by « y, x + 


E C gives 4 K* + x" y? = Oz or, dividing by x ya, „ a0 | A 
CD gives x* y* +c x*= o, or, dividing by x*, yy + CX=0. 


. - 1 » +» yo 6 
DE gives ex* +eex* =o, or, dividing by c, x 8 


5 | 


a 


— 


And E A gives eex* + f? = 1 OY dividing by ee, xx + L = 0 


F be ſuppoſed indefinitely great, the Triangle being couched on the 
Line without æ, then C D is the only ſuperior Determinator. Wherefore 


this Suppoſition reduces the propoſed Equation to y y Te =. | 
If x be ſuppoſed indefinitely little, the 'Friangle remaining in the 
_ fame Poſition, the inferior Determinators are AB and AF, which give the 


a ES es . 3 R 
SF * 9 e N NN £2 * 0 0 $ 2 D *. e 

4 b "6 * * 0 : 5 "> 5 N N "7 IE 4 | as „ 5 * ha 
27 * 1 y * * . 
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quations x y + — =o, and xx + — = o, to which two Equa- 
Equations x y + =—.=0, and xx + —y = 0, to which two Equa- 


. tions the propoſed one is reduced by fuppofing x indefinitely fmall. "50 | 
It y be ſuppoſed indefinitely great, the Triangle being conched on the 
Line without y, there are three ſuperior Determinators AB, BC, CD, 

which give the Eqations x3 +4— o, x+a=0, yy+cx=0, to. 
which the propoſed. Equation is reduced by ſuppoſing y indefinitely 
great. Ie | ee” 


But if 5 be ſuppoſed, indefinitely little, mere are two inferior De- 


terminators, AE, E D. which give the Equations, x PR y= o, 
and 1 — = o, to which the propoſed, Equation, is reduced by 


the Suppoſition of y indefinitely little. 
A Determinator may paſs through more than two Cells, and then the 
Equation it gives conſiſts of more than two Terms, but this Equation 
may be reſolved into ſeveral ſimple. Equations. If the Determinator 

| tes m = „4 24 „441 mjal * | 
| paſſes thro? the Cells # Y x yy r % » &c. it will give 
Boots ef the m n m+k nb! mak 2+al 1 ＋ 31213 1 | 
x I y Tee „ Ax 3: » &C. = 0, 
ven by ade- in which Equation, the Terms correſponding to the empty Cells 
verminator. will have their Coeficents a, 5, e, d, &c. = o. All the T erms of 
this Equation being diviſible by x , it may be reduced toa+bx y 
n 5 335 IS Eo 
= Xx 9 + d x 3 3 &c. * 1 or ſuppoſing * 9 = 2, to 


Let, R, r; y, &c. expreſs the Roots of this Equation, it may there- 
be reſolved into thoſe Equations z — R=0, z—r=0, z—p=0, &c. 
That is, x - RS, x y —r=0, x y o, &c. which are 
5 %%% TR m 8 NE 
reduced to y R y9=rx y,y=px , Kc. or infine to 

1127 24: 111217 1171 — 41: 11 755 c 
„R gy9=7r „* 5 = x c. | 


_ : 
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we 955, , LXXXII. i „ 

: . had W 1121 —127 1:] i 

| Thoſe Coeficients R, r, y, &c. of the Equations y R x yer *, 
|= x „ec. may be imaginary, they are all fo, when 


ag STR. 
he Roots of the Equation a +bz+cz2z +dz?, &c. = o, are imagi- Te, m. 
\ nary, which may happen as often as the Equation is of an even Num- — | 
SES ber of Dimenſions, when the compleat Number of its Terms is odd, 17. 
| when the Determinator paſſes through an odd Number of Cells, reck- 
oning from the firſt full Cell to the laſt. But when this Number of 
Cells is even, the Equation a BZ TE A, &c. = o, being of an odd 
Number of Dimenſions, has at leaſt one real Root. And in parti- 
cular its Roots cannot be imaginary, when the Determinator traverſes: 
only two full Cells, which are in two contiguous horizontal or vertical 
| m n m+k 2117 
Columns. For in this Caſe, the Equation being ax Y ＋＋ x g 7 5 So, 
( k or I being equal to Unity, on account of the Contiguity 


of the Columns) 25 will have a 1 Y o, or a+bx y = o, that 
„„ oh was 19 . | "BE 
ans 7 ee LE 


| | LXXXIII. 1 
0 „ WE 1 * << 
The Coeficents R, r, y, Fc. may be real, and the Quantities R x. „ 
11:1 mil 1:1 —k;l 25 

r x „ p «„ „ Cc. nevertheleſs imaginary, or half, 
imaginary. A Root is ſaid to be haf Imaginary, ſuch as oe ich is real hr ima I 
when x is poſitive, and imaginary when x is negative, and is ſaid to be 
1 5 entirely imaginary, as V—xX, which is imaginary, whatever Value 3 

poſitive or negative is given to x. „ 

Since the even Powers of a poſitive or negative Root, are neceſſarily 
poſitive, but the odd Powers are poſitive, if the Root is poſitive, and 

negative if the Root is negative, it is manifeſt that an odd Root is al- 

ways real, whatever is the Power of the Quaatity whoſe Root is extract - 

ed, but that an even Root can only be real when the Power is poſitive. 

Therefore it this Power is an even Power of a variable Qyantity, the 

„ even Root will be real or imaginary, according as the Power is taken 

poſitively or negatively, that is, according as it is affected with a poſi- 

ö | tive or negative Coeficent, but if the Power, whoſe even Root is extraQ- 

ed is an odd Power of a veciable Quantity, the Rogt is half imaginary. 

| 112141 24 — WEE | 
Thus in the Equation = R x Rx » if I is an odd Num- 


E 
as 2 1 r "Is 
1 - 
PFF 
* 


— 


Oblervati - 


ons reſpect - 
ing the ex- 


ponent of 


in the Equation y=R 1 given by the Determinator. 


ELEMFNTS OF 


ber, 5 is always a real Quantity, but if / is an even Number, y is half 


imaginary, & being odd; and & leing even, y is real when R is poſitive, 
and imaginary when R is negative. os = | : 


We are further to obſerve with re pect to the Exponent — > of , 
| 111 —tal I | 


_ 


10. That it is negative, when and / have the ſame Sign, which happens 
when the Arithmetical Progreſſions m, , . 2h, c. n, n +/, 


n+ 21, Sc. of the Exponents of x and of 2 in the Terms which are 
in 


under the Ruler, (Art. Lx xi.) are both increaſing or both decreaſing, Then 
the Ruler recedes at the ſame Time from the firſt horizontal Line, and 
from the firſt vertical Line; it only cuts one of thofe two Lines, or 
ſets out from the Point of the analytick Triangle. In this Caſe the Sup- 


. . | 0 ö | | 1:4 —&;l |; R ; 1217 
Poſition of indefinitely great, renders y R x 111 


indefinitely little, and the Suppoſition of indefinitely little, renders y 


indefinitely great, 
29. That this Exponent — J is poſitive, when 7 and & have contrary 


Signs, which happens as often as one of the two Arithmetical Progreſ- 
ſions m, m, m+ 2k, c. u, n +1, n+ 21, Ct. is increaſing and 


tboſe Roots. the other decreaſing, when the Ruler approaches one of the Sides of 


the Triangle whilſt it recedes from the other, when it cuts them 


both any where elſe, but in the Point of the Triangle. 


— % 8 


In this Caſe, the Suppoſition of x indefinitely n er indefi- 


'nitely little, will render alſo y = R 
great or indefinitely little, They are of the ſame Number of Dimenſi- 


„ 41:2 | 
x or (rs) | indefinitely 


ons if 7 r, if 4 1 if the Determinator 1s equally inclined to the 


two Lines. But if T > 1, if 1 I/, if the Determinator is more in- 


lined to the vertical Columns than to the horizontal ones, retrenches 


a greater Portion of the Line without y, than of the Line without &, 
SS. 1:4 & :1 | : 


3 1 3 
then = R & is of a higher. Order than x, and of a lower Or- 


— 


der than *, if er, if 4 A, if the Determinator retrenches a 


* 
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leſs Portion of the Side of the Triangle without y, than of the Side 
without x. 5 | : | . 

3. If & = o, which happens when the Determinator is paral- 
i 33 121 —k:;1 | 
lel to the Line without x, then y = R x is reduced to 
| n 00 IS La 
„ R „RR . whcrefore & being ſuppoſed indefinitely great, 
gives only finit Values for y. 0 | „ 
4. And for a ſimilar Reaſon, when the Determinator is parallel to 
the Side of the Triangle without y, reduces / to o, it is obvious that 
y being ſuppoſed indefinitely gieat, gives for x only finit Values deter- 
8 ; | | CEE m * m ＋ 4 PET: 
| mined by the Roots of the Equation a +b» 5 
41 2 Es . „ =, 
+cx y » &c, = o, which ſince = o, is reduced, by di- 
. m * 3 | | 
viding by x Y toa+bx en „ &c. = o. 
| LXXXV, ae 
Thoſe Particulars reſpecting the Method of finding the greateſt terms of 
an Equation being premiſed, let the Va'ue of y deduced from any propoſed 
| * 


Equation involving æ andy be expreſſe.| by the Series Ax + Bx ex TD, ee. 
in which the Exponents 6, i, &, I, Sc. increaſe or decreaſe accord- 
ing as the Series is an aſcending or deſcending one. A, B, C, D, Ee. 

are the Coeficents of the ſucceſſive Cerms, and as it is poſſible that 
one or other of them may vaniſh with all thoſe that follow, it may 
happen that the Number of Terms of the Series is finite, and then it 
expreſſes the the exact Value of 97. „ OR NS 

2 | a LXXXVI. . 

To determine as many Terms of the Series as you pleaſe, proceed 
thus. To find the firſt Term. Suppoſe x indefinitely great, if a de- 
ſcending Series is required, but indefinitely ſmall, if an aſcending Series 


Es 1 ; f 2 
is required. This Suppoſition reduces the Series to its firſt Term Ax, 
for if the Series is a deſcending one, the Exponent h is greater than i, 1 


= | | Inveſtigati- 
. o _ ] . „ | | ; DE f ! - 

or J, Cc. and x being ſuppoſed indefinitely great, the Power x is inde- fycceftive- 
ET EE ; 8 WS terms of a 


finitely greater than the others x, x , X, Cc. (Art. LxxVI.) which may ſuie. 
be neglected without Error, and if the Series is an aſcending one, the Ex- 


ponent 5 is the leaſt, and æ being indefinitely ſmall, the Power x. will 


W 


- % 
* , - 
* 4 . 


of the Serits. 
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make all the others vaniſh, therefore the Suppoſition of -x indefinitely 
great, in a deſcending Series, and that of x indefinitely little, in an af- 


cending Seires, reduces it toy=Ax. But thoſe ſame Suppoſitions re- 

duce the propoſed Equation to one or ſeveral Equations, ' ſuch as y = 

i:1 —4 :! LEE | ; | 1 5 5 | 

R * given by the ſuper. or infer. Determinators, (Art. LX VIII.) 
11 | 1 


| | - 
wherefore AR and hb = — of, the Determinators therefore ſerve 


to determine the firſt Term of the Series, or Series, when the propoſ- 


ed Equation furniſh ſeveral. 2 . 
The following Terms are found after the ſame Manner. Let à ex- 


; EE”; | 
| preſs the Sum of the Terms Bx + Cx Dx, Cc. which ſucceed the 


| = . I. 
firſt, conſequently y = A x + u, this Value of y, ſubſtituted in the pro- 


poſed Equation, transforms it into another, including the variableQuan- 


tities u and x; let x be ſuppoſed in this Equation indefinitely great, when 
the Series required is a deſcending one, and indefinitely little, when 


the Series required is an aſcending one : and the ſuperior or in- 


ferior Determinators will give one or ſeveral Equations, ſuch as 
1121 2117 „ | 
* R * (Art. Lxx ix.) but the ſame Suppoſitions of x inde- 


wy | | | 1 5 
finitely great or indefinitely ſmall, reduces the Series vu = B xy + Cx &c. 
1 1: | | 
to u=B x , therefore B = R and ' = — 7 hence the Deter- 


minators of this firſt transformed Equation will give the ſecond Term 


3 | 7 
Transforming a new the Equation, ſuppoſing u = B x 4 ft, where ; 


expreſſes all the Terms Cx Dx, &c. which follow the ſecond Term 
of the Series; and the Determinators of this ſecond transformed Equa- 
: k a 

tion will give the third Term Cx of the Series, and proceeding after 
the ſame Manner, the fourth Term will be obtained, and the following 
'Terms to the laſt, if the Number of 'Terms is finite, or at leaſt as 
many as the End propoſed may require, if the Number of Terms of 
of the Series be infinite. e Oh | N e 


8 * * * 
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N | But we are to obſerve in the Courſe of thoſe Operations, that the 
N Nature of aſcending Series require that the Fxponents of x ſhould con- 
tinually increaſe, and in deſcending Series thoſe Exponents ſhould con- 
tinually decreaſe. Wherefore, tho at the firſt Operation performed on 


x the propoſed Equation, all the ſuperior Determinators are to be taken into 
:-W? Confideration, to obtain all the deſcending Series, or all the inferior Deter- 
) | minators to obtain all the e Series: In the ſubſequent Operations, 
| no Attention is to be paid to the ſuperior Determinators which will give 
8 the ſame or a greater Exponent than was obtained by the precedent pe- 
: ration, nor to the inferior Determinators which will give the ſame or a 
S leſs Exponent than what was obtained by the foregoing Operation. IK 
| there are no other Determinators, the Courſe of the Operations is finiſh- 
- | ed and the Series is ended. ek eats Cont ĩ ĩ 8 
VVV Wh 
5 Let the Equation a5 — x3 y —a-x3 =o, -- | 
be propoſed, and let it be placed on the. _ 1 5 
- | analytic Triangle, and this. Triangle being | . | 8 
- couched on the Line without x, there 1s but = 15 
n one inferior Determinator, which, paſſing thro” 9 
n the Cells y3 and x3, gives the Equation | : 
- 4 5 — a x3 = o, or y = x, which is the e ﬀ 
8 firſt Term of an aſcending Series. To find „„ 4 
1 r | MON: | 5 * 356 15 | 2 How te Sb. 
II the ſecond, I ſubſtitute x + » for y, and the Equation will be transformed know when 1 
into ax3 + 3a XA +3Zauux + au — x4— x3 y — a:x3 = o, 4 ſeries be- "4 
5 or zauxx + 3Zauux+ au — x4 — x3 u o, which being placed mes men L 
in its Turn on the analytic Triangle, gives two inferior Denominators, imaginary, 4 
„„ dne which paſſes thro? the Cells 25, uu x, & x, „ or forked. 28 
is to be rejected, becauſe it would give u=Rx, | 3 
n this ſecond Exponent of x being the ſame = 
| naà2s was found by the firſt Operation; but the | 
other Determinator, which paſſes thro” the Cells 4 
˖ ux x and xi gives the Equation 3auxx—x*=a, WH 
. Or, u= _ „which is the ſecond Term of the 7 1 
E | Series. The third Term will be found by ſubſti: $ 
1 tuting 752 + t for u in the foregoing: Equation, 8 by 1 
S which transforms it into x* +3atxx+ 2 + 27 x3 +38 ttx +: coed 
N een © Lt x3 =0, of ge K 18. 
4 tt - Ae + 1 1 OY 
Salt TITOATT A125..." Ui , - Rs 
„ 4 N | = | = 


, ö . N + N 
7 . ; > 2 2 
y 5 W, Sg, ; ; 
* 5 * 
= „ 
o ” A) ÞS 
N — 
- 
4 
So a 
1 - — * 


Application 
of the fore- 


Oing me- 
Len an 
example. gives but one inferior De couched on the Line 

without x, which gives 59 


has only one Root, but double, 4.4 =0, or = 


- 


7 N e hich paffes 


which, is the, thicd Tem of the Series, . for 
F238 | HSE 37 1 ; 00 "ud * * 


it = == Sede hessen ee e ae K 
the Wa W the Progreſſion of the Terms being evident. 


for u in the Equation 1 8 4 * , + x* 2 o, 


| LEMENT; 8 or 


ptr end on che analy Wk Lag, 
to 185 | ves — Wer WI zhich 
| be 75 . He py hot. the 


. +B1YES .\ he \ Equation 5 
3 . — o, or 1 * n+ wy 


yr: + +3415 
Let the Equation 5h 2 * Fxx—2ay + 4. K +as= O 
Propoſed, from whence is to, be deduced the Value of 95 in x . by 
an aſcending Series. 
The Equation being placed on. the analytic Triangle, * 


ay + 4 4 2 6, hich 


2,4 


a + being ſubſtituted for 5, | gives the transforme d ; . 
n 1 — 2 4 4 — 2 1 K T K * I 


Ten eh Wa gz ere K o. 


4 — 1 on the an Hach "riaqgle, I find but one inferior 
Pacing leon tþ which di the Equation u » — a x = 0, 


112 1:2 | 1:2 112 


or U LNA AI * abb g © +t 


. 


14 ö 
which will transform it into a x +20 tx +tt 
22 3:2 | | 
e. x — 2 La . * x = o, or 
12 122 | 2 1+ 1 14 1 

2. . T2 5 2 +xx=0, which 
11 2 

put on the andytic Triangle, and.a as two of its Terms +2 2 r 

4:3 1+1: Ar 

and 2 4 * ; have no c to lodge ing 


+. —Uñ 


ing thro” tt and tr ; e 5 i toberejefed,a havingthe ſame 


23 a can a 6 a þJ2& 


hed 449, A 


toc My A. 


18 


18 


n $9 9 1 nn 1.3 : 1 
Exponent as the precedent Term; F the other Determin: ator bai ile "the 
: 1＋ 122 . 11 2 1 1 NAI 5 
Cells . 15 5 gives REY t "of 20 „ o, 
or t = x, Which is "the third Tent of the Series: ; 
Io obtain the fourth, x 7: J is tõ be ſubRitoredor rin tetaFEquation „„ 
x: 122 . | 14122 „ 
7 24 tx 2 Tas 510 EP! 7 o, chick will F a 
a 32.2. 14 1 2 %. 43" 3. 2K: 18 2 [ 4? 5 115 ay 
transform it into +20 C. 1 0 TY A Af . * 
; 2 #2 ad $ on” L.: 2 19 | , 
1 e Ne " Ant Ear + =» =0,, or in } 1 
+ 72 7 "4 „So; thoſe Terins'beink 8 ED) 8 
the analytic. FRAGIE gives 6nty oneDeterniih or WICH . _, 
ivess = R x „ this Exponent being les man . =" re | = 
Neccking one, ist be 1 Henee the Series is ended 25 5 _ 
Sex = EVA +t = AA Vr. 1 
On examining g what this laft Determinator gives, or its Bi —_ 
122 1:2, | = 
+27 #x | +55 ='0; we: wilt find j it has two Roots, 16.5 42 o, a 1 
1:2 112 5 = 
which terminates the. 1 ; 2% 4 22 x = = Þ+ | fan „ = 
which ſubſtituted inp: =. , N x + Xx 1 727 ET a +, e egen 1 
x ＋ 2 JJ a x, a is & ſame. : as y= Eo as 5 50 N is is. 
Ne the exact Value of of 735 which may 104 eat ell hed; fi Reg - e hun = 
rams away the bregenz e Y Fx" fo a E wilt be. © 1 
trane en into the propa pole a — 2 7 n e hl e . 1 
2 1 6 105 „tha e pas on 5 Ph Aren he Ta Application i" 
Selig 8 | ANT one whole bot 5 are 2 = ore. 
- all, imaginary, the whole Kette w che fn | Teri, ſcethed_ to UN chod te 
nounce will become. b 1 5 for one nagar erm. 73 5 A e tees 1 
Whole Sum, of which it 1 arts imaginary, u els That is i imagi nas 11 ee = 
in one Term be deſtroyed by what is imaginary in another Ternf, e 1 
Eannot happen in this Cafe, where * in each Leamolpftn; different Ex- 1 
re | a 1 .- 


| poſech negative and real when x 1s ſuppoſed poſitive, 1 gehe We e lly. ig. 
uCcet- 


e UV" bt len re 


+ 2% That if amo g the Terms of à Series there be any which are half ; 9 | 
Ou Bery, the Series 1s half imaginary; * 18, imaginary.whei N18 . 1 

That if among the Equations w. 25 1285 to deternuye t 
five Terms of a Series, then ve found. any hich. have ſeveral alike ROO; 


ELEMENTS or 


| then the Series 3 forked as it were, and; is multiplied i into as many E 


an imagin- 


imaginary. 


Example of 


ary ſeries. | 


Example of 
a ſeries half 


Root, but double, y = x. Subſtituting. therefore 0 * 2 | 


Series as there are real Roots, as often as that happens. 


* 
Let the Value of yin *, expreſſed by an aſcending 2 * F 
deduced from x3 + x* y + ayy— 2 at 2 | 8 
be required. | 1 
This Equation placed on the analytic Triangle . 
couched on the Line without x, furniſhes but one in- 0 @ 0 


ferior Determinator, | which gives the Equation 


ayy—2a' y + a3 = o, which has only one Root, @ #* * * 


but double, viz. y —a = o, or y = a; let then 
Sau, and ſubſtituting this Value of y in the propoſed Equation, 
it will transform it into.x3 +ax* +ux* + auut=o, _ | 
which being placed on the analytic Triangle, furniſhes | ( 8 
but one inferior Determinator, which gives WW 
auu+axx=0, whoſe Roots v —x x are „ w8:.0 
imaginary; conſequently the Value of y in x cannot -  _ 
be expreſſed by an aſcending Series, becauſe the only OO # © 
one which coplg. expreſs this Value would be ' 
0 


No in 4 ＋ 7 — * x, &c. which is ima- @ * © 


Sinary. . 
: "0k. 


Letthe Equation * 7 = ayy—2axy+axx=0-' 
be propoſed, from whence is to be ri LAM the Value 
of y in x, expreſſed by an aſcending Series. This 
Equation being placed on the analytic Triangle, fur- 
niſhes but one inferior Determinator, paſſing thro? | 
the Cells y y, x y, x x, which gives the Equation oO #* 
ayy—24a%y +axx= 0, which has only one e 


ik * 
— 
- 


\x+u for y in the propoſed Equation, it will be 


transformed into x3 + x* u + au u = o, which being placed o on dhe 
analytic Triangle, furniſhes but one inferior Deter- 


minator, which gives the Equation auu "_ x3 = 3 7 W 2 0 
which has eee MAT ** 0 
E . = 3 8 1 
dies + = 8 8 — = * BEE 227. SED] od 2 0 
for u in the firſt Gita Equation, the ſecond 0 S 9 0 
114 28 3+173 8 128 312 f : | 

vilbe Le XI T IX—x -+ig tt =.0, 


- 008 Got % PLACES EI AE Foo 
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which being placed on the analytic T riangle, fur- 55 


„ 
niſhes two inferior Determinators, one uebi, bes” * © © HL TP 
31%"; oo FS 
cauſe Slog thro? the Cells tt, tx „it gives N 
8 'S © 
Rx „ where x has the ſame Exponent as * 
in- the precedent Term; the other paſling thro? dane 9 . 0 
CE + on F $765. . 
en and x | gives the Equation © 0 * © 0 
| „ ; | gin —:2  3+1:3 x x 
2 IX=xX He: Mie: | | 3505 or 8 = 
wherefore the three firſt Tm of the Series are x + A e 43 


From the Inſpection of which it appears, 10. that the Series i is ima- 
8 | 
ginary, when x is ſuppoſed poſitive, becauſe then / —is an imagi- 
nary Quantity; but if æ be ſuppoſed negative, the N - rend and then 
20. The Series is double, becauſe the Term \/ - — 2 has equally the 
Sign OE and the Sign —, the Equation 2 1 u FT x3 = 95 which furniſh- | 


ed this Term, having two real Roots u = + wits 5 d - 


' wherefore in reality there are two Series, the three firſt Te erms of one 


| 5 x3 _ xx $3, rx» | 
5 WF e andof the other ONT or 2% Wl | 
| | | | 4 a | | 15 | | | 


| Aen. 
a The —— Method being attended with tedious Calculiniads, we ſhall 
EE now proceed to explain how the Analyſts have en them. „N 


„ | Were to obſerve, that the Subſtitution of A x ow for „(Art. IXXXvI.) Manner the 


in any Term of the propoſed Equation, transforms it into as many Terms — 


N as there are Columns, from the firſt to that in which it is placed inclu- ed equation 
ſively; each Term being placed in a different Column, and all. thoſe re placed 
5 T erms being ſituated on the ſame ſtraight Line, yang: f hv Determi- in (hy is 


analytic 
2 $6. e a triangle. 
zatoe which gave the Equation * = a0 A 8 


MY * 3 125 3 I 
For the Power n of u £4 being 1 ＋ AR * ＋ . 

| e goul 3:30 2 3 = 21 
FD A x Mw + 13 5 1 3 W 
| 1. bid 23 8 n Me dan F „ 


0. the laſt Term, which being ribſtituted fob rg in A re erm as * 9 


Ars or 


of the Order m 4 n h, 7 being o of the "Order A Art- and CES ny 
placed in n 22 preceded by n  vihers,, will transform it into 55 . 
91 e | mm + 2h 2 — 2 9 m ah 
2 4 if + * =P 3 T. c. to A x * 
Shickbare@il of the Oe + NM. But all abe r erms which, are a the 
ſame Order, are placed 1 in a right Line, parallel, to .the D eterminator 
hencs all the Trm#Inwwhich! x 3 are in a right Line parallel 


1 8 


tothe Determinator which gavey = Ax; and it is erident, that the Term 


R 


lac 1 ocupies the Cell i in which the transformed Terms y "was lodged 


1 Ei 1c m i n 02d n amr 
in a Column preceded by; 7 others; that the ſecond T nx. 
5 34135 . 34 13 405 n 25 12 2 

is in ee 1 preceded by 1— 1 Columns; that the wird „ 

| 23369 4s 

* the next Column, and ſo on. to the laſt 4 „ lich is in the 
firſt Column , Or in the Line of the Powers of x. 
Thus when the Equation' K * + 4 73. e IS 
Shay oxy + ddzy cf i 185 
placed on the analytic Triangle, couched on 5 


the Line wHhOut , it will give four Determi- 
nators; firſt, an horizontal one, which paſſes 

thro” the, Cells x* y* and x* y, which gives 

for y aconſtant Value (Art. LXX XIV.) & which 

may be expreſſed by A; ſubſtituting A+ufory 

in the propoſed Equation, it will be transform- | = 7 
ed inte A x +3 Aux + u* * +430 % **. 

+ 34* aut A u* F 411 * 
+ Ac x* > ks FP je GE £256 4865 be deer it 

| appears; char the” Dan | | | 


5 

292 dig bis an mr 2 VV 
pd 73 of the propoſed. | . yo. rs Sy 5 > 06:30 Ez 1 | 
x y* Equation, pro-| x * „„ *- *— + 
4 ä duce in the 5 = „„ 
9 . & u, * 5 3 >. Ct 
x : uation 30s nl Du A CA UTL Ts 3 

gk 13 5 | 7 1 > | e — tt 

* kW 8 * 


Thus OM Term has given one to eich Column which precedes "oi 
| and thoſe. Terms are on an e Line, that is, parallel to the De- 
terminator which gave = 


* c * 8 I — 
| R * F FS OE WO Pn B29 IS 8 
7 * by go 15 N * * 5 9 3 * 5 
£ : F ES: 5 r 7 & . 


srrcious ARITHMETICE. | 


_ The ſecond Peterminator of the propoſed Equation paſſed thre 
en and end gave e the Sublittution of e for 
I, . transforms the Equation” into A* x6 + 2 H « #*+ #* 5% e 
"+3 au x* + 3 


8 Haw x* + au) H aalen 
tHe Adu, +54v#+f71 x = 0, therefore the 


8 
— 17 _ a . . 
"i Tf) 1 : 1 . . : | EDT "TOS e 
> g N ; . LR 2444 34 
, 


[ng 


u3, K ub, xd u, x6 
vw, v1, 00 
e 
E 


and placing the transformed Equation on the analytic Triangie, it will 
appear that all the Terms into which a Term of the propoſed Equation 
had been transformed, are placed in the ſame, ſtraight Line parallel to the 
-Determinator, which gave the Equation y = Ax, the ſame Thing may 
be verified with Reſpect to the two'other: Determinators of the propoſed 


P 
vg 


Equation ; the third paſſes thro? the Cells y3 and x; and gives an,Equa- 
a | rr 


1 


tion of this Form y = Ax ; ſubſtituting therefore 4x u for y, 
of by | 


| | a + 2: 3 a ＋ T 3 
and the transformed Equation will be A* x © +2 Aux, +: 


| 1 3 To £5 233 $ 13 3 
T R ＋ 4lax +3 AA +3 AZ x + a u + 
9 i +2:3 |  1-+1:3 2 | 2-+1:3 2 
A bx + 2 4bux +Hbu x+Acx +cux + 
1919 144 . 
Addx + du x . & o, hence the Terms | 
%% „ ͤöͤ eee 
r eien eee er ee eee ING 
3 1:3 2 223 i a ee 
e ee i OO ; 
give 4 * u x in, "Dat 2 
os e ek 
7... 8 
4 | 4 & u, x bg 75 | | 


„ * 
1 85 


91 


: 
* 


: * 
* . 
A 


aſſed thro? the 


20 4 
Lot 
8 a — 4 


4 * x N 1 4 4 Pty 
ST Su 8 3 VO Rag n 
' Ws. . - "oF Att 2 
+ — 5 5 Fe. x . 
- q 7 < "2 
1 x 8 of 1 1 Ar * 
8 4 c c ws.” 1 WF; 5 1 of . 
83K 22 1 2 . n 1 7 


— 


This transformed Equation being placed on the analytic Triangle, ot - 
will appear that each Term of the propoſed Equation has given a erm 
to each Column that precedes it; and that thoſe Terms are on a ſtraight 

| | | | 8 
; but as the 
Exponent of the Order of y is a Fraction —, it was neceſſary, in order 


to place thoſe Terms, to divide into three equal Parts the Intervals of the 
. contiguous Cells in the ſame Column (Art. Lxx v.) 


Finally, the fourth Determinator of the propoſed Equation paſſing thro” 
W 1 g | + 


288. 
Line, parallel to the Determinator which gave y=A x 


aa | — „ 
* y and x, gives y=Ax „ and the Subſtitution of AX —+u for 95 


8 2 | 5 
changes the propoſed Equation into 4 +2 Aux +uuxx+ 
e e = e e . 

Aa x $3 Aa ux T3 AA x Ta + ft bx + 
2 Abu+ bu*x + Acx +cux*' + Add +ddux + ffx=0, 


therefore the Terms | 
* . 13 | * * | | .® 
12 2 r S * 

45 ig | n 5735.2 Tx * 1, & u, x0 - Tr Te yrs 

434 Ju, x u, x u, x l 
Th 7 roduces 2 * BY 
xyirP Xi „ , X e . % 
. ee 
X 5 * tus x? 7 

9 + TELUS X e X 


Here the ſame Rule is obſerved, but as the negative Exponent (— 1) 
of the Order of y, introduces 'Terms in which the Exponent of x is nega- 
tive, it was neceſſary, in order to place thoſe Terms, to produce the Tri- 
angle below the Line without & (Art. LX XV.) q 
8 | Nein e 5 | 
- Thoſe Examples ſhew, that when ſeveral Terms of the propoſed E- 
quation are under the Determinator, or any of its Paralells, or are of the 
ſame Order, they are transformed into 'Terms, which ranged in the ſame 
. Line, ſeveral of them ſometimes lodge together in the ſame Cell. 
Thus in the foregoing Example, if the horizontal Determinator be 
employed, the Terms x* y* and c & y, which were. under this Deter- 


> 4 


> 


„ 


44+ % 9 » 
— 


| +(4* b +4 44 + , which are u under the ſame fraight Line. 


which are all of the Order m + nh, ſince y (= 4 x ) is of the Order A, 
the Subſtitution of A 2 J＋u for y transforms it into a Series of Terms, 


ſuch as Px 1 - e +» &c. conti- 


the Exponents of x form an arithmetical Progreſſion, the common Diffe- 


| is transformed into 6 * . =, A x 1 + 


e 7 yah 
| hf 


85 m + 9. 
is transformed into a x ſe bs (#6 A + 0) x 8 +(= 14 


is deduced the following Rule - 


— COLI AS AS Gn ——— AG 4 te — Soups — 
D 4-4 n 3 7-7 EOS Mon Ya ras r ES WY : 
. 3 : » 5 2 4 R z 2 7 E p * "a 4 by So Is FIR We * Y A 2 N * 

0 1 £ 4 7 4 « 2 - of BD : 4 

1 N. 11 

1 "| 


SPECIOUS, ARITHMETICK.  » Fe 1 | 'Y 
rainator, were transformed into x* u* + (2 Ac »+(£ +46) x*; GERT. 


and the Termsb x y*, dd x y, I x, which are under a ſtraight Line, 
parallel to this Determinator, have given 6 x 2 + (2 4b + dd) xu _ 


Wherefore, when there are ſeveral Terms of the ſame Order, as 
„„ m5 a—i as n—2 = -+ 1 | 
ax y +bx y "OMX 1 Ec. n 4 


m Th 2 — 1 m+ 25 2—2 


1 h 
nued to Z x 55 , which alſo are all of the Order m ＋ n A, in which 


rence being h, and the Exponents of u; another arithmetical Progreſſion, the 
common Bifference being I. 


The Coeficicnts P, Q, R,. &c. of thoſe Terms, may be calculated by 
a W Rule, derived from the OY Conſideration: The Term 
* x 
ax 75 „by the ſubſtitution of u + A x hs , is transformed into a x 1 
m +5 na — 1 5 Kol 2 m 23 „ 2 

＋1 „1. | 3 7 1 2 
| a 3 3 m+3hþ n—3 | mb n—1 
+ 3 y — 1 ue. Ax „„ GC. the Term & x Yy | 5 9 
m ＋ 5 we 4 FCC 3 


5 


2 * f 33 n—-3 . 1 
x0 Wk Cr ß Teen 5 
P . i | 4 40 1 
m T 25 1 — 2 3 weed 35 1 — 3 1 
into e & u * pp Ax 3 Kc. and the Term i 


mp3b 3. = +30 no $4. 5 | 
d We: into d x „ &c. Wherefore, the Sum 
m +h 1 m T 25 n—2 „3 a=; 
a X. TAR Þ. IE 2 4 X 


«+ = 4+ ? 3 —2 


n—1.n—32 
1 . 2 


| 1 n — 1. n — 2 


Br. +3 FE 1 
| bi; e frog white 


10 


— 


290 |  EEEMENTS OF 
Abridged Write in the firſt Line all the Terms of the fame Order, or even the 
OI : whole Equation, 1 for Conveniency's ſake, the Orders of its 
ö Terms, changing, if you pleaſe, 5 into u; I ſay if you pleaſe, for it will 
formations he found upon Trial, that it will be more commodious not to do it; but 
as aaron Yar then it muſt be obſerved, that y, which denotes before the Operation the 
fnding the whole Series, and during the Operation its firſt Term only, denotes, 
| ar ya of ® during the ſecond Operation, the ſecond Term, and during the third 
1285 Operation, the third Term, &c. Having wrote the propoſed Equation 
in the firſt Line, and ranged the Terms according to their different Or- 


ders, multiply each Term by the Exponent of y and by A*, and 
divide thoſe Products by 5, and this will give a ſecond Line; multiply 
8 5 


each Term of this ſecond Line by half the Exponent of „ and by 4, 
and divide the Products by y, and a third Line will be obtained. Each 
Term of this Line, multiplied by one third of the Exponent of y and by 


EEE >. | 
A x , and divided by:y, will give a fourth Line. And this Operation 
is to be continued until there remains but Terms without 5; then the 
Sum of all thoſe Lines will be the transformed Equation. ; 
| \ ! of 4. | © 
_ - "Thus in the Equation of the foregoing Article, if we employ the hori- 
Aolication Zontal Determinator, which gave the Equation & Y CS y= o, 
15 me. Or y = c, there will reſult 4 = —c and 4 = 0; and the Operation 


* 


thod to an 18 performed thus: 7 EO * 


re. | on ns EO 
I. Order. U. Order. III. Order. 
—— m. —ĩÄ—r—T—— ˙ — 
e, + bay*4ddxay+fx + 49 
wk * [ IS $7 los 
Ke) — — — a 
—2 cx* - — 2bexy Add x — Zacyy 
= 0 1 00 N 2 
„ +beow — 3 


The transformed Equation therefore is x 5 * + (e — 2 c) * y 
+ (ce—ci) x* +bxy* +(dd—25c) xy ＋ dd e 
＋ 2955 —3acyy+ 1460 3 —6 c3 So, in which the ſecond 


* , 


WW. WI 


SPECIOUS ARITHME TICK, ”m 


Ik in the ſame ! quation we would employ the Determinator that paſſes | 


thee? the Cells ex and f3 Xs which ORG =— — 2 the Operation Application 


will be performed thus; 8 „ Srygong 4 
I EE - Order. 5 Order. Tv. Order. — | 
cx e 74 + bayy 4:8 a y3 
3 ; . . 
, 2 22. C4 0 
75 0 3 .c 
2 ©: O 1 4 
,, 6 
1 +" 8 
0 0 3 
, ; — TT” 
* "17 


Whence the transformed += iscx* y + ( 2 — TOE x 15 3 . 
4 5 


* 


+ a y3 _aofory + hs =o o, in cl the ſecond. 


: 8 diſappears. © Ow” . f 


„ * * + n—r „ g—2 | : 
If the Sum a * y + bx y + cx 7 : Kc. of In chat 


Terms of the ſame Order whatever, is diviſible, once or ſeveral Times, by caſes ſome 


terms of 


y—4 Be , which is the Value of u, the Sum of the Terms into which thoſe 


transform 


it is transformed by ſubſtituting a + A x " hop y, is alſo diviſible, the ſame = 3 


Number of Times, by z, becauſe thoſe two Sums only differ by their wanting. 


Expreſſion. But the Terms of the transformed conſtitute a Series 

Pr "+ * 5 a—1 4 + 2.4 2-2 " 
Art.xc IT. x 1 * u bs c. 
. : 2 * + ( — 20 . . 


terminated by. the Terms 15 X * u + Ys 1 


m ＋ þ 


+Za This Series cannot be diviſible by us, unleſs the laſt- Term 


= O and Z = 0; it cannot be diviſible by uu, or twice by u, unlefs the 
two laſt Terms Y and 2 be = o; it cannot be diviſible by as, or three 


Times by u, unleſs A, T, and Z. be o. In general, as many Times. 


ISO RIES 


ELEMENTS or 


| 3 | 
as u, or rather p 4 5 which is its Value, divides $a 5 of the 


Terms of any Order, ſo many Terms of this Order are wanting in the 


transformed in the firſt Columns, for the Terms Z, T, X, &c. are thoſe 
Columns. 


. which are placed in the firſt, 23 third, &c. 


| Wherefore, incey 4 So is one of the Roots furniſhed by the 


3 
Determinator, y — Ax divides at leaſt once, the Sum of the. Terms 


which are under this Determinator ; conſequently, in the transformed 


Equation is neceſſarily wanting the Term correſponding to the Point 


where the hg: coor cuts the firſt vertical Line, and in the transform- 
ed Equation, will be wanting the two Terms correſponding to the a 


where the Determinator cuts the firſt and ſecond Column, if y — 4 _g . 
divides the — of the Terms which are under the Determinator, twice, 


if y — 4 . = © be a double Root of the Equation which this Deter- 


minator furniſhes ; but if y — 4 * o be a triple Root of this Equa- 
tion, in the transformed Equation will be wanting the Terms correſpond- 
ing to the Points where the Determinator croſſes the three firſt Columns, 
and lo on. 


0 
= 
« * 
* * *. 


8 % 1 
- = „„ 


RK — K —K—K—. 
1 RT 


XCVI. 5 

| 3 

If ee P Qrepreſents a Determinator, andy — A* S o bea 
. Root of the Equation which it furniſhes, 1 in the transformed ea 


i. 


| ſhould occupy the Cell Q_ in the firſt Column QO, at leaſt the Term 


of the transformed, for all the Terms of 


(Art. Lxxxv1.); but it is a uſeleſs Determinator, becauſe P q being Part 
Wherefore P © having given y = Ax , Pq will gov 1 BEA (Art. 


Paſſes thro? the higheſt or loweſt full Cell of the firſt Column QO, and 


Reaſons already given, to employ this Determinator. But there parts ed. 


aac) * 6 6— INS 
r YT Bt 7 \ 2 — 
*F 7 - * - 
4 f 5 - 
1 * 5 * = * 
— 
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tion under this Determinator will be wanting only the Term which 


g. Pq is alſo a Determinator 
"ho transformed are below (or 
above) thoſe under P q, as were all the Terms of the propoſed Equation _ 


q in the ſecond Column will.not be wanti 


of PQ has the ſame Inclination to the Lines and Columns 27. | 


LXXI1I.) conſequently having employed PQ, the Determinator Pq is 
uſeleſs; but from the Point q there parts another Determinator which 


which gives an Equation by which the ſecond Term of the Series is de- 
termined. : 25 


) x „ a” | Sr . 3 

; : ö 5 P x | 4 ; * 7 , | ; O 
But ify — 4 x = o be a multiple Root of the Equation furnifhed by 3 
the Determinator PQ, for Example, a triple Root; then in the trans- ne : 


formed the Cells Q, q, q, remain empty, and the Determinator P q is terms of 2 


terminated at the Cell R on the fourth Column, it is uſeleſs, for the ——_ pal 


another (RS) from the Cell R, which may terminate in & at the firſt 
Column, and this is the ſecond Determinator which gives an Equation 


by which the ſecond Term of the Series will be found. 


It may happen that the Term & is wanting, and that the Determina- 


tor RS is terminated on ſome other Column than the firſt, as in 7, and 


then this Point T gives riſe to another Determinator T* V ; and if this 
does not reach the firſt Column, but is terminated ſooner, there parts 


from its Extremity another Determinator, and perhaps from that ano- . 
ther, &c. to that one which is terminated on the firſt Column. Each 


lumns, give a different Exponent to the Power of x in the ſecond (or 


minators. | 


ELEMENTS OF © 1 
of thoſe Determinators being differently inclined to the Lines and Co- 
third, fourth, &c.) Term; whereby the Series is forked into as many 
Series as there are Roots in all the Equations given by all thoſe Deter- 


To inveſtigate hich; it ſuffices to conſider the Determinator R = 


which parts from the Point R, Extremity of the firſt Determinator P R 


which has been neglected, and to make Uſe of all the Roots of the Equa- 


tion which it furniſhes ; one of thoſe Roots is u = o, the Sum of the 


Terms which are under this Determinator RT e Fee by u, ſince 


KR T does not reach the firſt Column, which is the Line without 2; and 


this Root being employed to obtain the following transformed Equation 


ſubſtituting o + 7 for u, which is effected by only writing f for u in all 
the Terms of the Equation, which transformed conſequently furniſnes 


the ſame Determinators as the foregoing one. And as P Rand R T have 


been already employed, we arrive at the Determinator 7 / in the ſame 


Manner, as if at firſt we had paſſed from PR to 7 J, the Root u o 


the Equation furniſhed by R 7 producing the ſame Effect as if RT had 
been neglected. It would be the ſame, if the Determinator T Y did not 


reach to the firſt Column, but was accompanied with other Determinators. 


0 nn | | 155 
From whence it appears how the irregular Terms of the Series are to 


be calculated. I call by this Name thoſe which are given by Equations 


How to 
know when 


u an ſeries 


which have ſeveral Roots, real or imaginary. But it is ſcarce poſſible 


that this Kind of Diſorder ſhould laſt long; for as ſoon as we come to a 
Determinator whoſe Equation has no multiple Roots (or if a ſimple Root 
be employed, if this Equation has ſimple and multiple Roots) in the 


bY 


transformed Equation, there will be wanting of the 'Terms which are 


placed under this Determinator, for Example, R &, but the Term & 
which ſhould be on the firſt Column (Art. xcv.), The Determi- 


nator therefore of this transformed will part from the Cell T the higheſt 


(or loweſt) of the ſecond Column, and will paſs thro' the Cell /, alſo 
the higheſt (or the loweſt). of the full Cells in the firſt Column; where- 
fore, in the Equation furniſhed by this Determinator T /, the variable 
Quantity » for Example does not ſurpaſs the firſt Degree, becauſe T'is on the 
ſecond Column, which is the Line «; and this Equation will only have 
one Root, which will certainly be real; and then the Series becomes re- 
gular, becauſe all the enſuing Determinators parting from the Point 7, 
po Equations any more occurs which have ſeveral Roots; and all the 
ſucceeding Terms of the Series may be calculated with greater Facility 


dy a Method we ſhall now proceed to explain. 


os 8 
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Root, and that this Root is employed; for ow Simplicity I ſhall call 'n 


it the firſt Determinator, abſtracting from a 


the foregoing ones, if there , | 
were any; I ſhall alſo call the Equation whieh it furniſhes the propoſed ſeries or the 


. 
+, © J 
of 2 4 
: * 
p 5 gy, 4 
— 4 ” 
= 
Sy : ; 4 - + _ * 
r- p C7458 
Þ 1 J c 
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« 


Suppoſe a Detehininctor to be obtained whoſe Ronation "oP 2 imple Determi. 


ation of 
the form of 
regular 


one, altho' it may be one of the transformed ones. Let m expreſs the Or- ſeries of the 


f der of the Terms thro? which this firſt Determinator Paſſes, and let 


| hag A by ha o be a ſimple Root of the” Equation it furniſhes. Subſti- terme. 


: tuting Ax +u for y in the Sum of the Terms of the Order + m, the 


one which ſhould be on the firſt Column would be & „ we neglect i its 
Dane as being of no Conſequence; but this Term is wanting, ſinoe 


„Ax is ſuppoſed to divide g * Sum of the Terms of the Order - Mo 
(Art. xCIII.). The Term ** 9 follows falls on the ſecond _ 


Column, and the Cell which it fills is the higheſt (or the loweſt) of the 
full Cells of this Column. If m Pu is the Exponent of the Terms = 


the ſecond Order (the Sign — is for the deſcending Series, the Si gn + | 
Co- 


for the n pes) the higheſt (or the loweſt) Term in the fir 


| lumn will be 45 b» hence the Determinator of this tramformed paſ- 
m — * n n | . 
ſing thro? the Cells x u and æ will give « 5 


- | 
; = B x. halo for the ſecond Term of the Series. Wherefore the Diffe- | 


| rence © n of the Exponents A and 2 n of the firſt Term 4 2 „ and of 


the ſecond B * 17 „ of the Series, is the ſame as that of the Exponents | 


m and m n of the firſt and ſecond Order. . , 


jy all the following Transformations, t the Call x Pr Ps will ann 5 


full, « being chan ed ſucceſſively into t, 2, 4, &c. and all the following 
Determinators will part from this Cell to paſs thro' the higheſt (or the 
loweſt) of the full Cells of the firſt Column; they paſs fucceflively thro? 

the different Cells of this Column, becauſe at each transformation, the 


Cell thro' which. the Determinator [paſſed is emptied; but on the other 


Hand, each a IAA fills ſome new Cells of this firſt Column. 


Hence when B x Hos + is ſubſtituted for g in the firſt transfc 
+ is In. OY "4 

the Terms of the grſt Order m fil the Cells x © ih „ | 
Ke. and the Terms of the ſecond Order m 120 1 al fill the Cells 


exponents. 


4 


a N 7 
wy * f 


3 l. 
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5 Ec. in general & : (j expreſſing any teger) 
ins Sebitatice in the Terms of the Order m ＋ v will 1 8 
TY DT TTA. 


firſt Column, the Cells x „ 5 * „ec. in 
„r „ | 3 

general — 85 0 3 

u. bethehigheſt for Me ) Fall Cell in the firſt Column, 
az 

the third \Determinator will paſs thro? x 4 and 5 7» and will 

28 
give 42 „% And if afterwards * 1 is the hight (or the 
loweſt) of the full Cells of this Column, 5 willbe = D x he fk and 


thus the ſucceſſive Exponents of x in the Terms Y, u, t, 4, &c. of the 
Series, will be n, i Tn, I I 2 m, ht Þ 3 un, &c. in arithmetical Pro- 
greſſion, whoſe Difference is n. The Series would have no other Terms, 
if there were in the propoſed Equation no other Terms but thoſe of the 


Orders m and m A n, all the Transformations, ad infinitum, would give 


no other 'Terms but ſuch as are contained under this general Expreſſion 


10 0 77 is an Integer, or ſometimes = o). But if there be in the pro- 


"oſed Equation, Terms of another Order, whoſe Exponent is m + P, 


„Pp 
| theCellzym will be once the higheſt (or the loweſt) of the firſt Co- 


lumn; then the Determinator, which parts always from the Cell 55 
x 1 (or x LH r ts ce will gives = B x 
h+# þ Fe 5 


* x has for Exponent 7＋ 5 is ce © one of the Ss of the Series. | 


Tb ä 
The ſubſtitution of Ba ——+ 7 for u (or Cx "ET + s for t, &c.) in 


the Terms of the Orders m 1 P/ n will fill, i in the firſt Column, the Cells 


ö ß EF un ITT FT 
„ * 2 * 1 this firſt Column 


* 
therefore wall. acquire Terms included under the general Expreſſion 


iP |; 
I Tf #4 „ and the Determinator paſſing ſucceſſively throꝰ thoſe 


Tenne, will F, to 55 Terms W under this * Ex- 
jn 7 


preſſion HX | 
Ik the 1. 5 Equation included a fourth Orders of Terms whoſe Ex- 
e is m P e general Expreſſion of the Terms of the Series would 


. 7 11 
- » and ſo on, if there be a . Number of 


Orders of Terms. 


mY 


Hlence, when in the Calculation of a Series we come to the Rege la- 


the Multiples p, 2 p, 3 P, &c. of the ſecond Difference; and add to, ing convide- 
or ſubtract from all thoſe: Terms, the Multiples 9, 2 f, 3 9, Kc. of the gadiag * 
third Difference ſueceſſively, and continue thus until all the Differences — 


eficient 4, B, C, D, &c. and ſubſtituting, in the Equation, for y this unde- 


them all, the leaſt m) in order to obtain the Differences u, p, g, Er. Pe: 
then add or ſubtra from 4, Exponent of the firſt Term, which is given 
by the firſt Determinator, the multiples a, 2 n, 3 =, &. of the firſt 


| The arithmetical Progreſſion which begins by A, and whoſe Differ- terms of « 
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Ai 

Terms, that is, when we come to a Determinator whoſe Equation bas no 
multiple Roots, or when a ſimple Root of the. Equation furgiſhed by a po 
Determinator is employed; the Succeſſion of the Exponents of x in the 9 
following T erms of the Series are eaſily found thus: take the Exponents 4 ml 
m, m T, m— p, m I 4, &c. of all the Orders of the Terms of the 
Equation, and ſubtract them all from the greater m (or ſubtract ſiom 


Rule de- 


Difference; then add to, or ſubtract from, all thoſe Terms ſucceſſively, 3 


are exhauſted. Finally, range all thoſe Exponents according to their of expo- 
ads. | 2 Tha nents of the 
| : regular 


ence is the greateſt. common Diviſor of =, p, q, &c. includes thoſe ſeries. 
Exponents, but contains uſeleſs Terms, unleſs the leaft Difference u be 
a common Diviſor of all the other Differences. | 2: 

x . Ca . . C. * » * 4 ; 

By this Rule, the Form of the Series is obtained, that is, the Succeſ- 
ſion of the Powers of x which form thoſe Terms; but the Coeficients of 
thoſe Terms are alſo to be found, which is eaſtly effected, by giving to 


each of the Powers of x, which enters the Series, an undetermined Co- 


9 


termined Series which expreſſes its Value, and determining, one aſter the 
other, each Coeficient 4, B, C, D, &c. by means of the complex 


Coeficient of each Term of the transformed Equation, which are equal 


inferior 


this ſtraight Line cuts the firſt Column in the Centre of the Cell x*; 3 L 


to Nothing, ſince otherwiſe the Whole could not be equal to Nothing. - 


| | 8 . | | 

Let us apply this Method to the Equation 6 x7 — 2 x5 y* — a3 x* n FT 
＋ 42 * Y ＋ 2 a xx— 34 xy + 45 .= o, ſuppoſe the Vaſue Application 
of y in x, expreſſed by an aſcending Series, is required. | Oft this rule 

The Equation being placed on the analytic Triangle, there is only one to an 

— which gives the Equation 45 y y — 3 a> x 4 OP 

+ 245 xx =0, oryy— 3xy +2 x x = o, which has two ſunple 
Roots y = x and y = 2 x, in general y = A x, wherefore 1211. 3 
Drawing ſtraight Lines parallel to the Determinator thro all the Terms | 0 
of the Equation, it will appear that it is compoſed of three Orders of 1 
Terms; the firft, which contains the Terms a* y y, 3 45 *, 2 45 x x, 
thro' which paſſes the Determinator, has 2 for its Exponent, becauſe 


4 P 


39 * — 
: * 
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the ſecond includes the Terms aN y* 
and + 4 a3 x3 y, and its Exponent is 4, 
becauſe the ſtraight Line which paſſes 
thro? the Cells x* y and x3 y cuts the 
firſt Column in the Centre of the Cell x* ; 


and the third Order of Terms, which ies | 
compoſed: of the Terms — 2 x5 andy. + 8:- G: 
6 x+ has, for a fimilar Reaſon, 7 for its I: 
Exponent: thoſe three Orders of Terms e 
and their Exponents may be alſo diſ cover „ 


ed, by ſubllituting in the Equation for x 


GG ů·—¹ũůu , os % 


its ValueAx = Ax, which transforms 
it into 6 * 2 A X —A* a3 K + 4A x*+ 2:95 xx— 3405 x x- 
+ Aa x x = o, where it evidently appears, that the two firſt Terms 
are of the Order 7, the two following of the Order 4, and the three laſt 
of the Order 2. Since an aſcending Series is required, the leaſt Expa- 
nent 2 is to be ſubtracted from the two others 4 and 7, by which the 
Differences 2 and 5 are obtained; then the Numbers contained in the 
general Expreſſion þ + jn Por 1. +2j + 5/ is to be ſought, by 
adding to 1 (J), the Multiples of 2 (n), and adding to all thoſe rs 
the Multiples of 5 (Pl. which will give . 5 
; by. 33. 5» 7, 9, II, &c. | 
6, 8, 10, 12, 14, 16, &c.. 
II, &C.. | . | 
16, &C.. 
. | „ 15 £2 12 
which being ranged accdrding to their Magnitude, conſtitute the Pro- 
greſſion 1, 3, 5, 6, 7, 8, 9, 10, 11, &c.. the Form of the Series will be 
thereforey = Ax + Bx3 ＋ C ＋ Dx + Ex + FG +, &c. 
' which Value of y ſubſtituted in the Equation gives Re 
ED CO TE Roan IG pr pt” 
//) tf eo 0 ooo, ng RS „ —&c. 
gy . . — a3 H* x%—203 Bs — # — 24 ACx8 — &c. 
| | | 1 J 
＋ 4a α +448) AN +<ha3B x%þ + 443C x8 ＋ Kc. 
Haabxx= +205 xx . . 0 5 LE» 
=205x y =—305 A _xx—3 45 B K —3 45 C * —3 25 D - 45 E * — &.. | 
+ 633,=+ AKA AB x*+20 A Cx C ADx1+29a AE x8 + &c.. 1 
1 Belk @ +28B C T Cc. 


oY 


4 
C- 
* 
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Now ſince 6 * — 2 K* 5 —a3 Y Y +4053 K +2 5 xx—=3 05 xy 
P4555 So, it follows, that the Sum ot theſe Series involving x muſt 
vaniſh ; but that cannot be, if the Coeficient of every particular 'Term 

does not vaniſh. For every Term where x is infinitely little, is infiniteh 

greater than the following Terms: So that if every Term does not _ 

of itſelf, the addition or ſubtraction of the following Terms, which are 
infinitely leſs than it, or of the preceding Terms, which are infinitel 

greater, cannot deſtroy it, and therefore the Whole cannot vaniſh. It 


appears therefore, that the complex Coeficient of each Term being put 


equal to nothing, will furniſh the following Equations: 
248—3z365A4+S85A4A4=0oAA—3A4+2 =o, 

Lei + At. 

or AA—4A= (244 4 — 3 aa) B, : 
—243 AB+ 423 B— 34 CT 23 AC +45 BY O, 

or 2 AB—4B — 24 BHS (2242 4 34a C, 

6 — 24 — 34 DH＋E2 25 AD = o, r e MENT be 
or 2 44 - G (a A= z fot rea 
2223 JC - A4 B* ＋ 425 C- 345 E ＋2 5 AE T2 BOC SO, 
or 2 AC 43 — 40 - 24 BC=(2a* 4 — 3 EF, 
1 2 5 &c. „ ; a 1] : & c. 
for determining 4, B, C, D, E, &c. and give | 

#, Xt | ity II au 2196 © & FFC S or A = | 


„ Ü . On 1 | 

 __z2aaA—3zaa aa FEY "70 aa 

C = 2AB —4B— 4 BY 2 15 : . 2 16 

5 2 4 4 — 3422 2 7 f . 
D = 44 58 = 4 M D 5 A 2 


2aaA—3aa)a, © 25 e Rag MS 11>: 


There are two aſcending Series, ) = x + 3. + 15559, 4 456 
111 x | * 3 16 x5 2x6 112 x7 
, &c. andy =2x— £2 — bag {HIS oo 
” "00 bs Sia 1 he 42 "+ * 33 7, 1 86 "s &ec. 
6 CI. „ . vs 


Let the Equation x7 — 43. * y + a3 K y* ＋ 455 y — 2 a5 x y Application 
+45 x x = © be propoſed, from which the Value of y in x, expreſſed * 3 
by an aſcending Series, is required to be deduced . erase 

This Equation being placed on the analytic Triangle, there will be 
found but one inferior Determinator, which gives the Equation 
23 2 4 * A KX or —2 xy ＋ x = o, which has 


| 89 . vo oY 
\ 05 6 89 © 
5 4 ©. # „ 
© 0 « © 'S. »® 2 # 
® © @® & 0 - 0G 


©. 6 & 
two equal Roots, or one double Root, y = x, whence x + A being ſubſti- | 
tuted for y in the propoſed Equation, it will be transformed into 
x1 +a* x$3u +a* x* u* +4 uu=0, which being in its turn placed 
on the analytic Triangle, there are two inferior Determinators, one of 

_ which gives the Equation 4 wa +43 x3 4 =o, oru = —=, and the o- 
| n : | : SO 
ther gives the Equation a3 x3 vu o, or u = — 25 » both one and 
the other Exponent of x exceeds the preceding one,. conſequently thoſe 
two Determinators are uſeful ; but it ſuffices to employ the firſt, which 


3 gy » | 1 | 
gives u = — 5 = Ax , that is, I 3 and I= — —, and ſubſtitut- 


ing A #3, or ſimply x3, in the Equation & + 43 X v + a3 x* u* 
—+ as uu = o, it will be changed into x75 + a3 xs +43 x3 + as x6 = o, 
which, it is manifeſt, includes three Orders of Terms, whoſe Exponents 
are 6, 7, 8, and the Differences 1, 2. Since the leaſt divides the greateſt, 
the Succeſſion of the Exponents of x will be the arithmetical Progreſſion 
Þ 4, 8, 6, &c. whoſe firſt Term is 3 (4), and the Difference 1 (), the 
© 


rm of the Series will be then y = A x3 + B * 4 + C Xe — D xs, &c. 

and this Value of x ſubſtituted in the Equation gives | 

%%, ES ß 

Ta = 2 Ax ＋ 43 BK Ta C ＋ a3 P + a3 EN &c. 
Tas = Ta A A BS aS ACX& & c. 

e | | | %% ᷑ VPV. + 23 BBx® +&c. 

Tas u as A* x64 2 45 { B xl +2 81Cx84+2 54D x9+2 65 HEx"*+&c. 

)) 4 net 17 9 bh 455 B x42 a5 BC x9+2a5BDx'P+&c. 

a 5010s e 


ki. 


4 
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From whence is deduced, by putting each complex Coeficient equal to 
a3 I AAo . » that is, A=—— or = O 


9, - x 


3 . „ 
e „ B== 5 2 
43 CT AAT2A8⁸⁶ CT SBB O „ C=—-4 


Fs 2 . | * | 7 
4 D＋ 223 4 T2486 AD T2 4 Co D Ix D. 


| 8? E-+203 AC+a? BB+2054E+205BD +05CC=0.E=—L B=—4- 


5 . 5 &c. 
Hence u is expreſſed by two Series, to each of which adding x, we will 


have two Values of y = x — — + = + —_ —= + — &c. 


=” 4 '5 7 3 8 bt 
and y * — — = — = — — » &c. this laſt Series is preciſely 


the ſame as that which would be obtained by the Means of the Determi- 


nator which gave the Equation à = — — for ſubſtituting x# for « in 


the Equation x7 + 43 * u + a3 x* u* +45 uu= o, it will be changed 
into x7 + a3 x7 ＋ a3 x*2 + 45 $8 = o, in which, it is manifeſt, there 


are three Orders of Terms, whoſe Exponents are 7, 8, 10, the Differences 


are therefore 1, 3; and as the leaſt divides the greateſt, the Succeſſion 


of the Exponents of x is 4, 5, 6, 7, &c. and the Form of the Series 


y=Axt + Bxs + C, &c. whole Coeficients being determined, is 


F x4 x5 | 2.x6 4x1 | . . 
CONVETIEQ TOM == = oe nm ge - &c. hence this Determi 


nator gives only the ſecond of the two Series which the other had fur- 


„ NT 


cons: 


A defcending Series is required, expreſſing the Value of y in x, deduced -: 


from this Equation x y3 + 3 R D R A a 


| — 2 x + as =='O. 1 N 1 
This Equation being placed on the analytic T. riangle, furniſhes but one 
ſuperior Determinator, which gives the Equation x*%p*4ax*p3 +3 a*x*y 


+ a3 XK o, or dividing by x*, y3 345 ＋ 3 4 y + a3 =@, 
which has only one Root, but triple, y ='a; ſubſtituting therefore a + « 
for y in the propoſed Equation, it will be transformed into x* «3 — a3 x u 


＋ = 6, Shich being placed on the analytic Triangle, furniſhes two 


ſuperior Determinators, one of - which- gives x* u3 — a3 x u = ©, or 
3:2 "ww; 2 2 21 


u ＋ a x ; and the other — 43 x u+ So, ofu=t aw 


- 
— 
I = : . 
5 


. 
* <dl $8 7 . — 
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| © © © © 

2 [#00 © © © 

% „„ 0 

© 00% 5s 2 © © * „ 

% „ „ +* 2 2 0 6 66 „ 
But it ſuffices (Art. xcv.) to employ only the firſt, which gives 
A = — 58 and ſubſtituting 55 = bor u in the transformed Equation, it 


2 
oh 5 2 o | 1:2 5 1:2. , . Fe TY * 2 . . "x4 5 
will change it into — Xx +@& K S o, in which, it is mani- 


| feſt, there are only two Orders of Terms whoſe Exponents are— and o; 
there is therefore only one Difference > , the Succeſſion of Exponents are 


| therefore ———__ # — „ — * &c. and the Form of the Series 


* R * 7 
. ew | 2 2 5 — 1 | _ 


: g 3: 
A x + » x ——Cx , "he this Series FP AE for a u in 


. = AI ＋344 Bx + AAC e +3448 x" * + &. 


+34B8 +64BC +64BD 


ff... .; 
. 
1 1 
e Ax a5 Cx - Cl ac 
T 8 | N 
furniſhes the following Equations : 1 


agus ].:.:.. +» 5 that is 42 AY Fo os Tha | 


r N SL . B = ——aa |  B=aa 


SAAD +64BC+B) —a3D=0. "_ D = 4 W 


r 
eee 4E +a E =o 


c. | 14 40 -- Ws Kc. 


be. 


. 


r ——— ga x 


gives the following Equations: 


pm ab 2 
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| Hence we have three deſcending Series expreſſing the Value of u in x, 
322 — 132 1 —1 3 8:2 31:2 1 8 

M X —- 

| 105 * 2 —8: 2 7 3:% — 1 2 1 == 

1 „ &c. u = — X _. OO ET oÞ 


+ a3 x 75 3 „ Se. this laſt i is preciſely the ſame as would be obtained * the 


— 5 a — 1. 


Means of the ſecond Determinator, which gave 1 = 4 x for æ 


ſubſtituted for u in the Equation * u3 — a3 Ku 45 W it ĩnto 


— 
x  — 33 + a&= o, which ſhews that there are two Orders of Terms, 


whoſe Exponents are — 1 and o; there-! 1 therefore * one . 


—4 
1, and the Form of the Series 1.4 þ Bux ＋ +Da + e. 
which Value _ ſubſtituted for u in the Equation | 


_ 
* 1 = 452 1544 "+ 2 44e i *' +a 
343 3 ＋ 645 C 


—aIxu=aIA—aIBx -C — 33 DEL — a3-E x — c. 
+as Sas + &c. £ . 8 SURE 


— 434 += 0- = oo that £2 
AE S000 ⁰ꝙ Hens a3 
ZHAB—a3C=0 0 „ % 052 Rn. 
3440 % 3435 45 D.=0 „„ 0 0 
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Hence we may diſcover, without Calculation, whether a e whoſe 


firſt Term is real, be half i im inary.; hen the Root y — A * = Os: fur- | 


niſhed by the firſt Term, ividing ſeveral Times the Terms of the 
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